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Papers Presented at 


SYMPOSIUM ON HELMINTHIC INFECTIONS AS THE CAUSE OF 
DISABILITY AND DISEASE 


ANNUAL MERTING OF 
THe AMERICAN Socipry OF TrRopICAL MEDICINE AND HYGIENE 
New Orleans, Louisiana 
November 1, 1956 
Introduction 
NORMAN R. STOLL, Moderator 
The Rockefeller Institute, New York 


How approach the assignment of a consideration of the problem of helminthic 
infection as the cause of disability and disease in the tropics? One cannot help 
but reflect, if this symposial Year of the Worm were in session three or four 
decades ago, how stirring would have been the picture. Spurred and assisted by 
a far-sighted philanthropic organization, health departments of states and 
countries in a broad band across the tropical and sub-tropical world were en- 
gaged in a great stir-up to eradicate the evils of hookworm disease and suppress 
hookworm infection. The push against hookworm—certainly man’s worst and 
most insidious helminthic pathogen—also caught up in its action a degree of 
relief from the concomitant ascaris and whipworm, which so much parallel its 
distribution and complicate its damage. Be it remembered that these three 
hookworm, ascaris, and trichuris—account for almost 34 of all the helminthic 
infections of mankind 

But this is now three or four decades later. The great push tapered off. With 
the outside spur to action removed, the control programs and interest in them 
sagged. If [am not mistaken, except for desultory efforts here and there and now 
and then, and with what I may call minor exceptions of more permanent relief, 
hookworms and other vermes in man are as pandemic and numerous as ever, 
and as damaging. How different this outlook from that in malaria, for instance, 
with its new slogan of ‘“‘world wide eradication”! 

Why did the worms again take over? I venture to suggest there are three 
reasons especially worth considering. First, I think we were too blithe in our 


assumptions as to the ease of initiating and maintaining defaunation of the 


human host, with what understanding and tools we had for control, no matter 
how good an opinion we held of either the understanding or the tools; because, 


second, we did not take sufficiently into account the amount of change of cus- 
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toms and of reversal of human habits that was involved on the part of parasitized 
peoples, in their complicated socio-economic-nutritional backgrounds,—for only 
by intrinsic, individual cooperation of the parasitized could they become and 
remain the unparasitized; and, third, because we underestimated, through lack 
of basic knowledge, how tough were our adversaries, the biologically resourceful 
worms themselves. In association with man and his ancestors since long before 
the pre-dawn of history, the worms had been geared in their biological resilience 
to take advantage of slips in every program against them. They had through 
geological time learned to survive vicissitudes. And so one missed case, or one 
unused or non-existent latrine, became the Typhoid Mary of the community, 
and there were of course, not one, but many so missed. 

The war was the final disruption, and no worm species missed its chance. But 
the war also started a new cycle of interest, in that it dramatized two infections, 
and its shelves of new chemicals later began to give us new tools. There was the 
bobble in Samoa when filariasis got into the marines, and while it produced only 
a negligible amount of essential incapacity, it spread an extraordinary amount 
of advertising about this infection. There was also the inevitable schistosomiasis 
hazard in Leyte, with tragically damaged servicemen, and its sequel of in-and- 
out-of-service research to determine whether efficient molluscicides besides 
copper sulphate might not in this chemical age be available. And there appeared, 
from the chemical shelf, one preparation that has given new hope against more 
than one filariasis, and by exploration from that start has turned up new drugs 
to attack other kinds of helminths. 

While these factors have, shall I say, kept alive interest in the problem of 
worms versus man, they have not solved it, for man’s helminthic burden is as 
the mythological burden of Sisyphus, toiling uphill incessantly with the huge 
stone that ever rolled back upon him. Appropriate, therefore—and, especially 
so this year—is the use of a half-day in this Society’s program to sit down to 
gether and think about the situation. 

More telling perhaps would have been several half-day sessions, for the field is 
large and diverse. When I sought the advice of a baker’s dozen of you in April 
as to what topics you thought it valuable to stress, and by whom, there was 
great diversity of opinion and forty different workers were nominated to focus 
on it, to which number was easily added a dozen others. 

In the selection that has been made you will not find any formal discussion 
of schistosomiasis, which had the advantage of a symposium at the recent Mem- 
phis meeting; nor of hookworm, ascaris and trichuris, a triad to which I hope 
the Society before too long will grant symposial consideration, along with 
Strongyloides and Trichostrongylus. Nor of the strobilatetaenias, Hymenolepis or 
Diphyllobothrium; nor of Clonorchis or Paragonimus; nor of Dracunculus or 
Onchocerca; nor of those two mostly extra-tropical enigmatic endemies, T'richi- 


nella and Enterobius. 


Instead, this afternoon’s plan is in two parts. In the first we have taken the 


opportunity to dwell, a moment each, upon studies that have emerged in recent 
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years on a few of the great problems in our field in man, closing it with a peri- 


patetic parasitologist who on a legendary sabbatical trip couldn’t help but gain 
a certain number of impressions on the current status of the helminths. In the 
second part it seemed worthwhile to observe, sketchily and all too briefly as it 


had to be, a few of the angles of approach that eventually may permit us to make 
new sling-shots for warfare against Goliath. It is with great regret that this 
phase of the program had to be made so short. 





SYMPOSIUM ON HELMINTHIC INFECTIONS 


Part I 

Introducing the speaker, the moderator said: Somebody who should know 
has said that filariasis “in World War II cost the Navy loss of man-power to 
the equivalent of a battalion of Marines for four years and enough money to 
run the Naval Medical Research Institute for 25 years.”’ The sufferings and 
economics of native peoples in endemic areas cannot be so simply stated. Cer- 
tainly it is one of the heartening events in our field since the war that through 
new knowledge of the bionomics of filarial mosquitoes and with the assistance 
of a new drug, it has been possible to come to grips with this helminthiasis. 
Spearheading its study from the standpoint of control in the Society Islands in 


the Pacific is Dr. John F. Kessel. 
DISABLING EFFECTS AND CONTROL OF FILARIASIS 
JOHN F. KESSEL 


De parting ni ot Infe« tious Diseases. School of Vedicine. Universit 1 of California, Los 1 nue les 
and Institut de Recherches Medicales de VOcéanie Francaise Papeete, Tahiti 


I. INTRODUCTION 


In order to evaluate the importance of a disease from a public health point of 
view, it is first necessary to determine its morbidity, mortality and disability 
effects. To organize a control program, it is also necessary to know the prevalence 
of carriers and the transmission rate. In an arthropod-borne disease such as 
filariasis one must likewise procure accurate information concerning the preva 


lence and bionomics of the vectors. The Filariasis Program in French Oceania 


performs the following surveys before institution control measures. (For details, 
see Beye et al., 1953; Kessel, 1957.) 
|. Clinical survey of representative numbers of individuals from each decade 


The main clinical conditions to be recorded are (a) elephantiasis, noting the 
members involved; (b) hydrocele in males; and (c¢) occurrence of lymphangi 
tis during previous year. 

Blood survey, to determine the presence of microfilariae per 20 emm. of blood 
These are recorded under the following headings: (a) percentage of population 
positive by representative age groups; (b) density, i.e., average number of 
microfilariae per 20 cmm. in the whole population; and (c) frequency distri- 
bution of population at six selected microfilarial levels, namely, 1-5; 6-10; 
11-30; 31-50; 51-100; 100+ 


Held at the annual meeting ot the American Society of Tropical Medicine and Hygiene 
New Orleans, Louisiana, November 1, 1956 
> The speaker wishes to express appreciation to the directors and staff of the Institut 
de Recherches Medicales de Océanie Frangaise, and to the field directors and entomolo 
gists of the Pacifie Tropic Diseases Project, School of Medicine, University of California, 
Los Angeles, who have participated in this cooperative program in French Oceania 
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3. Mosquito survey to determine the following 
a) Prevalence of important vectors in a given area and their rate of infection 
with larvae of Wuchereria. In French Oceania where nonperiodic filariasis 
occurs, the main vector is Aedes polynesiensis. From collections made on 
human bait within ten meters of each dwelling for a period of ten minutes, 
the following major determinations are made: 
i) Number of stations, i.e., dwellings where collections were made. 
(ii) Number of mosquitoes collected. 
(iii) Number of stations with mosquitoes. 
iv) Number of stations with mosquitoes positive for larvae of W. bancrofti. 
v) Number of mosquitoes caught per minute. 
b) Prevalence of larvae of W. bancrofti in mosquitoes by dissection. These 
are recorded under the following headings: 
All stages of larvae encountered 
vy. “% of mosquitoes positive and z. density, or the average number of 
larvae per mosquito. 
ii) Infective-stage larvae encountered 
y. Percentage of mosquitoes positive and z. density: see above 


\ potential transmission index is determined by multiplying 3(a)(v) above by 


3(b)(1)(z) and then multiplying by 250 as a correction factor. 

Table | provides a summary of ten different surveys from six of the Society 
Islands and illustrates representative findings from clinical, blood, and mosquito 
surveys before filariasis control was instituted in these islands. Distribution of 
clinical and microfilarial prevalence by age groups, and frequency distribution 
of the population at different microfilarial levels are recorded in previous reports 
by Beye et al. (1952, 1953), Kessel et al. (1953, 1954), Rosen (1955) and Kessel 
(1957). The ideal procedure would be to make complete surveys of the types 
summarized above in all areas before institution of a filariasis control program. 


Il. DISTRIBUTION OF FILARIASIS AS JUDGED BY PREVALENCE OF 
ELEPHANTIASIS AND CARRIERS OF MICROFILARIAE 


The author was requested to illustrate this paper with material from Africa, 
Asia and the Pacific, and Maps | and 2 were prepared accordingly. Most of the 


TABLE 1 


Summary from 10 filariasis surveys in Societu Islands, French Oceania, before filariasis control 


Blood Surveys 
Microflarice Mosquito Surveys 


p Mosquito dissections for larvae 
ercen 7 > h ; 
of Wuchereria bancrofti ee 
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filarial surveys reviewed fail to provide the same complete clinical, epidemiologic 
and entomologic data that have been collected in the studies recorded from 
Tahiti in Table 1. Because of this lack, it is elected in the current report to limit 
distribution figures used in the maps to the percentages of people of all ages (a) 
with elephantiasis, and (b) positive for microfilariae. These have been arranged 
in four categories as shown in the legends on the maps. Frequently it has been 
impossible to procure precise information for both elephantiasis and microfilare- 
mia for the same area. This accounts for the use of one figure only in such areas. 
The sources of the data in the maps are listed in the references. 

Most surveys are limited to adults and only a few include representative age 
groups. From Table 2, it will be observed that in the Society Islands elephantiasis 
and microfilaremia are low in the younger age groups and increase with age. 
If one separates those 20 years and above from the whole, one has a basis for 
comparison with other surveys some of which record “all ages” and some “adults’”’ 
only. For elephantiasis the ratio of “‘all ages’’ to “‘adults” is 7:14 or 1:2 and for 
microfilaremia it is 32:46 or approximately 1:1.4. When data were available, 
the figures in the maps were adjusted by these correction factors. 

It should be pointed out that surveys for W. malayi in Pehang, Malaya, by 
Wilson (1955, personal communication) and in India by Raghaven (1955, per- 
sonal communication) show that microfilarial rates in the age groups below 20 
years and for 20 years and older are more nearly equal than in surveys for W. 
bancrofti from Polynesia. Whether these differences represent species character- 
istics or mere geographical variations remains to be determined by further 


TABLE 2 


Elephantiasis, hydrocele, lymphangitis and microfilaremia by age groups in Society Islands 
before filariasis control 


: rs ——- ———_—___——.- --— noes 
Age Groups 0-9 10-19 20-29 30-39 50+ Total 


| 
| 
With elephantiasis | 
No. examined 951 1635 | 720 681 | 484 5012 
No. positive a 7 12 50 348 
% positive 0. 2 7 33 7 
% + above 20 14 
Males with hydrocele 
No. examined. 429 | 113 
No. positive. 12 
% positive 11 
% + above 20 
Lymphangitis 
No. examined 
No. positive 
% positive 
% + above 20 
Microfilaremia per 20 cmm. 
No. examined 
No. positive 
% positive 
% + above 20 





| 
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observation. The correction factors described above are not applied to data for 
W. malayi. 

Natural infection rates of mosquitoes for larvae of Wuchereria, either for all 
stages or for the infective stage only, would also be of interest to include in the 
distribution maps. The data available are from a few areas only and exhibit such 
wide variation that comparison would appear to be impossible because of the 
variable conditions under which the surveys were made. 

From Maps 1 and 2, the following observations may be drawn: 

(1) Many areas in Africa, India, southeast Asia, the East Indies, Melanesia, 
Polynesia and Micronesia demonstrate the presence of Wuchereria in man as 
indicated by the occurrence of elephantiasis and microfilaremia. 

(2) By and large the highest prevalence, i.e., above 5% for elephantiasis and 
above 25% for microfilaremia, are recorded from certain parts of equatorial 
Africa, India, Malaya, Indonesia, Solomon Islands, New Hebrides and the 
Society Islands. 

(3) Lower percentages are reported from other parts of Equatorial Africa, 
India, southeast Asia, Melanesia, Fiji, Samoa, Marquesas, Austral Islands, 
Tikihau of the Tuamotu Islands and from most areas of the north Pacific. 

(4) Many of the prevalence rates reported are sufficiently high to constitute 
problems of public health significance. 


III. MICROFILAREMIA VERSUS CLINICAL FILARIASIS 


The percentage of individuals in a population with microfilaremia represents 
the percentage of carriers capable of infecting mosquitoes which feed on them, 
but does not always parallel the amount of clinical filariasis in a given area. 
The latter can be determined only by clinical surveys. Manifestations referable 
to filarial infection may include such clinical signs as fever, lymphangitis, abscess, 
enlarged lymph nodes, hydrocele, lymph scrotum, enlarged epididymis, en- 
larged testis, thickened spermatic cord, lymphatic variax, chyluria and ele- 
phantiasis. In a general survey, elephantiasis, hydrocele and lymphangitis are 
the most significant and these will be used to illustrate the topic under review. 

Table 2, which records by age groups the prevalence of these three conditions 
and of microfilaremia in several surveys from the Society Islands, shows that 
fewer people exhibited clinical signs than were positive for microfilariae. Beye 
et al. (1952) in Tahiti reported a series of subjects in which 7% exhibited ele- 
phantiasis, 10% hydrocele and 23% a history of lymphangitis. An additional 
15% were asymptomatic carriers. The current survey is more extensive and 
even though it includes proportionately more individuals from the two first 
decades of life, it still demonstrates a similar relationship by showing 26 % with 
clinical signs of filariasis and 32 % with microfilaremia. 

Several subjects relating to sub-topic III may be emphasized. 

(1) Since clinical and microfilarial rates increase with age, one may infer that 
the greater the exposure to infected mosquitoes over a long period of time, the 
greater will be the number of resulting adult worms in an individual which 
damage lymph glands and also produce microfilariae. 

(2) Persons with elephantiasis do not always yield blood examinations positive 
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for microfilariae. Bahr (1912) explains this on the supposition that microfilaria 
do not escape into the bloodstream from fibrosed glands associated with ele- 
phantiasis as readily as they do when liberated in the lymphatic channels and 
glands lying deeper in the body which exhibit proportionately fewer obstructions. 
New support of this impression has been presented recently by Markell and 
Kerrest (1955) who found that administration of cortisone to an individual with 
elephantiasis and a low count for microfilariae, resulted in a marked increase of 
microfilariae during the time of treatment, thus indicating that the cortisone 
relieved the allergic congestion of fibrosed and walled-off glands, permitting the 
microfilariae to gain access to the blood stream. Jordan (1955), however, sug- 
gests that the low incidence of microfilaremia in elephantiasis may result from 
the death or sterilization of most adult worms. These changes which produce 
blockage of lymph channels may also lead to immunity, thus preventing rein- 
fection. 

(3) It is commonly considered that the percentage of people with elephantiasis 
in a given area is proportionate to the percentage with microfilaremia in that 
same area. Although in Tahiti the district showing the highest elephantiasis 
rate, 9.9%, did exhibit the highest microfilarial rate, 43.6%, it was not true that 
all areas of French Oceania with high microfilarial rates of above 25% exhibited 
high elephantiasis rates. Kerrest (1954, personal communication) and Iyengar 
(1954, personal communication) also report an area in New Caledonia with high 
microfilarial prevalence, but with little or no clinical filariasis. 

Table 3 records surveys from 11 areas of the South Pacific, 9 with prevalence 
rates for microfilariae above 25% and two, Apia and Labasa, with rates below 


TABLE 3 


Comparison of prevalence of elephantiasis, percentage of population positive for microfilariae 
and density of microfilariae per 20 cmm. before filariasis control 














| } 
} Density of , 
ron | Percentage | Percentage | afcromiarwe | poms of 

Elephantiasis |Microfilaremia Population per Positive 
is ews 9.9 43.6 | 48.1 110 
Society Islands 7.0 | 32.0 35.0 110 
Maiao. . 5.0 27.0 33.0 127 
Marquesas! 3.0 33.7 19.7 58 
Apia, West Samoa. . 1.6 22.6 7.5 46 
Maupiti. 1.0 26.0 12.0 46 
Kandavu, Fiji’. 1.0 25.3 9.0 36 
Mau, New Caledonia? 1.0 33.0 7.0 | 20 
Tikehau‘.... 0.5 29.2 8.0 22 
Austral Islands°. . 0.3 30.0 12.0 | 40 
Labasa, Fiji*..... 03 | 9.0 09 | 10 





1 Bambridge (1956 personal communication). 
2 Nelson (1956 personal communication). 

3 Tyengar (1954 personal communication). 

* Bonnet (1955 personal communication). 

5 Kerrest (1954 personal communication). 

* Symes (1956 personal communication). 
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25%. The percentage of the population with elephantiasis in the 9 areas with 
microfilaremia rates above 25%, however, ranged from 9.9% to 0.3%. Three 
of the 9 surveys showed high elephantiasis prevalence of 5% or above, and also 
exhibited density rates for microfilariae of 33 or above, while 6 showed low 
density rates for microfilariae of 12 or below. One area, the Marquesas showed 
an intermediate elephantiasis rate of 3% with an intermediate microfilarial den- 
sity of 19.7, and another area, Labasa, Fiji, showed unusually low rates through- 
out. The last column of Table 3 displays, in addition, the density of microfilariae 
per positive person in these same surveys and may be of interest for comparison. 
The figures of this table suggest that in a population as a whole, elephantiasis 
prevalence is related to microfilarial density more than to microfilarial preva- 
lence; i.e. in general, the greater the density of microfilariae in a population the 
greater the amount of elephantiasis in that same population. 

McFadzean (1954), however, reports two villages in Africa, one of which fails 
to support this relationship. Koloi in Gambia and Elana in Casamance, about 
fifty miles apart, each demonstrated high prevalence and density rates for micro- 
filariae. The former presented no autochthonous cases of elephantiasis, while 
in the latter, 5.6% of the population had elephantiasis. It is apparent that 
additional observations are required before the relationship suggested above 
can be substantiated in areas other than the South Pacific. 


IV. ECONOMIC AND SOCIAL ASPECTS 


The disabling effects of clinical filariasis in most tropical communities are 
difficult to evaluate exactly, as filariasis occurs primarily in rural areas where 
quantitative measurements in man-days or man-hours of time lost from illness 
are not usually recorded. Even so, economic and social consequences may be 
assessed under three main headings: (1) economic loss, (2) deformity produced, 
and (3) psychological injury. 

In areas similar to Tahiti before the institution of the control program, where 
lymphangitis with filarial fever occurred in approximately one quarter of the 
adult population, with each individual having from 1 to 12 attacks a year and 
each attack lasting from 1-3 days or longer, the significance of filariasis can 
immediately be appreciated. The importance is especially manifest if a portion 
of the population is gainfully employed, as for example on a rubber plantation 
in Malaya employing 600 laborers, which reported 150 attacks of filarial fever 
or lymphangitis a year, each lasting about three days; thus 450 workdays a year 
were lost (Wilson, 1955, personal communication). 

Knowles and Basu (1934) reported filariasis to be a serious economic problem 
in Calcutta where a large proportion of the Anglo-Indian and Hindu population 
of the city were infected. Anglo-Indian girls—stenographers, typists, employees 
in the telephone exchanges—were infected in large numbers and the disease 
caused them much loss of pay and employment. While this situation has im- 
proved in recent years, the author on a recent visit to Calcutta was impressed 
with the number of cases of elephantiasis in the filariasis clinic at the Calcutta 
School of Tropical Medicine. 

In French Oceania before institution of the control program among the adult 
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population (i.e., 20 years and above), 27% of the group experienced periodic 
attacks of lymphangitis, 15% of adult males suffered from hydrocele and another 
14% gave evidence of elephantiasis. Of the people with elephantiasis, 58% had 
one leg and 37% both legs enlarged; 12% had one arm and 5% both arms en- 
larged. Individuals with the most severe elephantiasis of the legs or scrotum were 
confined to their homes, and required full time care by their families. Persons 
with less severe elephantiasis and with hydrocele, while ambulatory in varying 
degrees, were unable to perform their full quotas of work. 

The psychologic effects of these and other deformities were likewise disturbing. 
People with elephantiasis usually hide or retire to the background, because they 
are the laughing stock of the community. One of the primitive beliefs in Poly- 
nesia supposed that elephantiasis was transmitted through urine, either directly 
or through food or drink. Women with elephantiasis are less desirable as wives 
and men with hydrocele or with elephantiasis of the scrotum exhibit an obvious 
social and procreative handicap. 

While it is true that many people throughout the world have microfilariae in 
their blood but fail to exhibit clinical filariasis, it is also true that the percentage 
of people who do exhibit disabling effects from the infection are sufficiently 
numerous in many areas to constitute a tropical health problem of world-wide 
significance. 

V. CONTROL OF FILARIASIS 


Some ten thousand men in the armed forces developed primary Bancroftian 
filariasis in the Pacific theater during World War II. This stimulated new interest 
in research and one of the outstanding results was the microfilaricide, diethyl- 
carbamazine, discovered by Hewitt et al. (1947; 1950), which has been found 
to be highly effective in the current control program in French Oceania. The 
comparative importance of this drug has recently been summarized by Hawking 
(1955) in an extensive review on the chemotherapy of filariasis. 

Although filariasis was the first disease shown to be transmitted by an arthro- 
pod vector (Manson, 1878), only recently has a serious interest developed in 
instituting control programs. A Filariasis Conference, under the auspices of the 
South Pacific Commission, held at the Institut de Recherches Medicales de 
’Océanie Francaise in Papeete, Tahiti, in August, 1951, and the Study Section 
on Filariasis conducted by the World Health Organization at the Institute of 
Medical Research in Kuala Lumpur, Malaya in December, 1955, are indicative 
of the interest that is developing in the field of filariasis. 

The cooperative Filariasis Control program in the Society Islands, under the 
auspices of the Institut de Recherches Medicales de |’Océanie Frangaise and the 
Department of Infectious Diseases, School of Medicine, University of California 
at Los Angeles, was reported in detail by Kessel (1957) at the W.H.O. Study 
Section in Kuala Lumpur and only a brief summary of the procedures 
therein recommended will be presented at this time. 


SUMMARY OF AN EFFECTIVE PROGRAM FOR THE CONTROL OF FILARIASIS 


(1), (2) and (3): By clinical, blood, and mosquito surveys as shown in the 
Introduction of this paper, determine the necessary basic data in a given area. 
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(4) Administer diethylearbamazine at the dosage schedule of 6 mg. per kg. of 
body weight in a single dose one day each month for one year, to both positives 
and negatives. Treatment of negatives is discontinued at the end of one year. 

(5) Institute mosquito control procedures by eliminating breeding-places for 
a distance of 100 meters around each dwelling. 

(6) Repeat (1), (2), and (3) above, each year. 

(7) Continue administration of diethylearbamazine to all original and current 
positives, i.e., to new immigrants into an area and old refusals who will accept 
the drug for one year or until they become negative by annual follow-up blood 
examination. 

(8) Re-emphasize importance of the mosquito control program as the micro- 
filaricide program diminishes. 

By the combined methods of mass administration of diethylearbamazine and 
mosquito control here described, clinical filariasis and microfilaremia in man, and 
infection rates with larvae of W. bancrofti in the mosquitoes, are all being mark- 
edly reduced in the Society Islands. Table 4 illustrates the field results obtained 
in several areas in Tahiti where the program has been in progress for periods 
ranging from 1 to 4 years. Here are shown a representative area, A, before any 
control was instituted, and a part of the same area which was observed for two 
years without inaugurating the control program. These may be compared with 
that part of Area A in which control was instituted. Marked reductions were 
demonstrated at the end of one year and these continued throughout the second 
year. Areas B, C and D, under the control program for 2, 3 and 4 years, likewise 
demonstrated significant reductions in percentages of microfilaremia and in the 
percentages of larvae of W. bancrofti in mosquitoes. It is expected that where such 
a program is followed, filariasis will be successfully controlled. 

As the mass administration of diethylcarbamazine has progressed, the follow- 
ing modified program which is more economical is being tested: 

1. Perform spot clinical, blood and mosquito surveys in strategic parts of an 
area to provide a cross-section of the prevalence of filariasis. 


TABLE 4 


Field results in 4 areas, showing reduction in microfilariae among human populations and in 
larvae of W. bancrofti among mosquito populations 


} | Larvae of | 
Microfilariae in Man oe 
| in Mosquitoes Potential 
Area Years of Control os ——| Transmission 
+ | Ht | : | % + | tabective| aes 
before after Density ec nn stage 
| | only 
Whole of A Before 30.9| — | 33.1 | 13.2] 7.8 | 100.0 
Part of A not controlled | After 2 years | 31.9 31.1 | 32.0 | 15.0 | 5.3 90.0 
Part of A controlled 1 me) 7.31 38 | 4.7) O81 25.0 
2 | 4.9 | 0.6 | 2.0; 0.0 4.3 
B 2 | 29.1) 5.6) 1.4 | 0.5] 0.0 | 0.5 
Cc 3 43.6 | 2.8 | 0.4 0.6 | 0.0 0.3 
D 4 | 35.5 | 1.0] 0.04] 0.0) 0.0 


0.0 


| 
} 
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2. Treat all people in the area once a month for 9 months with 6 mg. per kg. of 
body weight in a single daily dose. 

3. Institute mosquito control program, to be continued indefinitely. 

4. Six months after last treatment, i.e., at 15 months, perform first complete 
blood survey. 

5. Administer diethylcarbamazine once a month for 12 months to all remaining 
positives and to immigrants. 

6. One year after completion of 5, repeat follow-up blood survey on previous 
positives and immigrants and perform mosquito survey. 

7. Continue diethylearbamazine once a month to the few remaining positives 
until they become negative by blood survey. 


SUMMARY 


This report reviews the distribution and prevalence of clinical filariasis and of 
microfilaremia in the Pacific, in Africa and in Asia; discusses the disabling effects 
of filariasis and outlines a control program that is working satisfactorily in the 
Society Islands, French Oceania. 

In collecting epidemiologic data for the maps, a lack of standardization in 
clinical, blood and mosquito surveys was apparent, and comparison had to be 
limited to prevalence rates for elephantiasis and microfilaremia. Even here, 
representative numbers in standard age groups and from all segments of the 
population were seldom available and suitable correction factors had to be em- 
ployed to adjust the figures to represent the population as a whole. 

Procedures for performing and reporting standardized clinical, blood and 
mosquito surveys are recommended and tables are presented which show sum- 
maries of certain of these results from the Society Islands before the filariasis 
control program began. Seven per cent of the population demonstrated elephan- 
tiasis 7 % of the males had hydrocele and 12% experienced attacks of lymphan- 
gitis. A total of 26% of the whole population showed clinical signs of filariasis, 
and 32% demonstrated microfilaremia. 

The disabling aspects of filariasis are difficult to evaluate exactly in terms of 
man-days of work lost annually in a community, but it is concluded that the 
social and economic aspects of filariasis are such as to constitute a major public 
health problem in many parts of the tropics. 

A correlation between prevalence of elephantiasis and microfilaremia in a 
population as a whole could not always be shown in the south Pacific. A low 
prevalence of microfilaremia was associated with a low prevalence of elephantiasis 
but areas with high microfilaremia rates did not always show high elephan- 
tiasis rates. However, when the density of microfilariae per unit of blood was 
calculated, it was found that a definite correlation existed. It is suggested, for 
at least that part of the Pacific where non-periodic filariasis occurs, that the den- 
sity of microfilariae in an area may be used as an index to estimate the amount 
of elephantiasis in that same area. 

A filariasis control program now in progress in the Society Islands, which 
combines mosquito control with parasite control by mass treatment with di- 
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ethylcarbamazine, shows that when practiced thoroughly, these measures reduce 
microfilaremia, microfilarial density, the mosquito population and larval density 
in mosquitoes to a minimum. Primary acute filariasis is rare; new cases of ele- 
phantiasis together with other forms of chronic filariasis fail to develop; and 
transmission is reduced to a low point, in some instances to zero. 
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DISCUSSION OF DR. JOHN F. KESSEL’S PAPER 
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I should like to comment on reported differences between the disease as seen 
in the Pacific area and in Africa. It is almost impossible to compare statistics 
from an area, such as Tahiti, where the disease has been thoroughly and pains- 
takingly investigated, with other parts of the world where for reasons of geog- 
raphy our knowledge is at best fragmentary. Elephantiasis of the scrotum, for 
example, is not particularly common in Tahiti as compared with that of the 
limbs. In some parts of Africa it is reported to have a high incidence. However, 
in Tahiti, virtually the entire population of the island has been studied for 
filariasis and elephantiasis; in most parts of Africa the cases of filarial disease 
which are seen in hospitals, and to a lesser extent in surveys, are those which are 
deemed by the persons afflicted to warrant medical attention. Afflictions of the 
genitalia are impressive both to the observer and the sufferer, while those of the 
limbs, being less spectacular, are less likely to come to the notice of the physician. 
It may indeed be true that there are significant differences in the manifestations 
of filariasis between different areas, irrespective of density of infection, but I 
think that at present such reports should be accepted with reservations. 

Doctor Kessel’s clear differentiation between crude microfilaremia rates and 
microfilarial density in a given population emphasizes the quantitative aspects 
of infection with this parasite. His demonstration of the striking correlation be- 
tween microfilarial density and the prevalence of clinical filariasis in various 
Pacific islands may provide the key to the frequently-noted discrepancy between 
clinical disease and incidence of infection, when the latter is judged on the “‘plus- 
or-minus”’ basis of microfilaremia rates. 

Dr. Kessel has stressed that microfilarial density can be related to the inci- 
dence of clinical disease in the population as a whole. He has not considered here 
the relationship in individual cases, and I should like to comment on this aspect 
of the problem. We are all familiar with the classic elephantiasis patient, with 
gross physical manifestations of disease, associated with few or no microfilariae 
in the blood. Conversely, the patient with a very high microfilarial density is 
frequently one with no signs or symptoms of the disease at all. These two indi- 
viduals typify the extremes of a wide spectrum of differing host-parasite relation- 
ships; the expression or absence of overt disease may in such extremes be directly 
related to the individual’s innate capacity for reaction to the antigenic stimulus 
of filarial infection. In the hypersensitive individual, a relatively few microfil- 
ariae or adult worms may produce tissue reactions leading to elephantiasis or 
other major manifestations of disease, while the nonreactor may harbor large 
numbers of worms without any symptoms. The majority of persons, falling into 
a middle range between the hypersensitive and the nonreactor, are those in 
whom symptoms of the disease may be expected to parallel the degree of infec- 
tion as roughly, but nevertheless somewhat quantitatively, expressed by mi- 
crofilarial density. 
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SYMPOSIUM ON HELMINTHIC INFECTIONS! 


Part II 


Introducing the speaker, the moderator said: Of few countries in the world 
have we in recent years secured a good overall picture of helminthiasis in 
man. One of these is Thailand, through the work of our next speaker and his 
associates. Instead of the topic chosen he could have furnished us a summary of 
the status of hookworm, ascaris and trichuris there. Instead it seemed worthwhile 
to hear about certain of the flukes in that part of the world. 


FASCIOLOPSIASIS AND OPISTHORCHIASIS AS HELMINTHIC 
COMPONENTS OF TROPICAL PUBLIC HEALTH 


ELVIO H. SADUN 


Communicable Disease Center, Public Health Service, U. S. Department of Health, 
Education, and Welfare, Atlanta, Georgia 


The fact that heavy helminthic infections unfavorably affect the health of the 
people is obvious to everyone. There is, however, a widespread belief that most 
of the light infections are of no consequence to the health and should be over- 
looked. Traveling in various tropical areas, one becomes aware of the fallacy of 
such reasoning. Anemia, edema, retardation of growth, severe malnutrition, 
chronic cough, dermatitis, potbelly, and ascites are very common in areas where 
helminthic infections are predominant. Furthermore, aside from the direct 
effect that helminthiases have on the health of the people in the tropics, they 
predispose, they complicate, and they retard the recovery from other conditions. 

Even more important than the disease entities which helminths produce is the 
significance of their relation to the other diseases prevalent in the communities. 
This was first impressed upon me by Dr. Jacques May who, after spending 
many years as a surgeon in Southeast Asia, commented that response to surgery 
was often seriously handicapped by the presence of helminthic infections. He 
re-emphasized this point in a symposium before this society in which he said, 
“Certainly, intestinal surgical techniques would have to take into consideration 
the swarming world of crawling reptiles of every description that inhabited these 
intestinal cavities’? (May, 1954). The true impact of this statement was felt 
when I observed an autopsy in the tropics for the first time. In addition to a 
large stone in the kidney, there were 2 tapeworms, a dozen or so ascarids and 
several scores of hookworms in the intestine; a few thousand flukes were present 
in the liver and numerous malaria parasites in blood smears. Yet, none of the 
helminths were regarded as the cause of illness or of death of the individual. 

Since the subject of nematodiasis is so ably covered by other reports, this 
discussion will be limited to a consideration of intestinal and liver flukes. These 
two trematode infections are here emphasized not only because of their public 


1 Held at the annual meeting of the American Society of Tropical Medicine and Hygiene 
in New Orleans, Louisiana, November 1, 1956. 
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health importance but because they were the object of recent personal investi- 
gation. Thailand has been chosen as the focus of observation, but much of this 
discussion applies to other tropical areas as well. 

1. Fasciolopsis buski. From the initial investigations of Nakagawa (1921) and 
Barlow (1925) up to recent years, fasciolopsiasis was generally considered to be 
confined to China and a few other endemic areas where raw water plants are 
consumed. In Thailand, only 5 cases had been reported (Daensvang and Man- 
galasmaya, 1941) until an epidemiologic investigation was initiated in 1951 
following the death of a 15-year-old girl infected with over 500 Fasciolopsis buski 
adults. Much interesting information, summarized elsewhere (Sadun and Mai- 
phoom, 1953), emerged from these studies. A survey was carried out in three 
areas in Central Thailand where water caltrop cultivation was common. Of 
1,563 persons examined in these areas, 208, or 13 per cent, were infected with 
Fasciolopsis buski. As indicated in Figure 1 the prevalence rate was highest in 
children 5 to 14 years old, and the intensity of infection as determined by egg 
counts increased up to the 10-to-14-year age group, and then decreased. Besides 
such possible factors as the existence of natural and acquired resistance to those 
infections, differences in prevalence and intensity could be related to differences 
in activities. The 5-to-14-year olds represent the school age. In the areas studied 
water caltrop plantations are often situated between the dwellings and the 
schools. As was admitted by a heavily infected patient and confirmed by others, 
water caltrops are often picked and eaten fresh by the children on their way to 
and from school. This is further supported by the fact that, considering all age 
groups together, the prevalence was significantly greater in those families living 
in the immediate vicinity of water caltrop plantations. 

The areas investigated are practically under water for the greater part of the 
year. The people concentrate in floating villages where they are housed in dwell- 
ings built on stilts anchored under the water level, and move around mostly by 
skiff or canoe. Since human feces are not generally used by the Siamese people as 
fertilizer, water pollution results from promiscuous defecation. Furthermore, 
latrines even when present are situated in such a way that excreta are dropped 
directly into the water. Domestic animals were not found to be related in any 
way to the epidemiology of the human infections in Thailand. From the observa- 
tions of Barlow (1925), Young (1935), Sadun and Maiphoom (1953) and other 
investigators, it is known that Fasciolopsis infection is an important cause of 
disease and death. Whereas light infections may cause only minor gastrointestinal 
discomforts, if the parasites are numerous, severe diarrhea, anemia, and even 
anasarca and fatal cachexia may result. Toxic symptoms accompanied by ab- 
dominal pain, diarrhea, anorexia, nausea and vomiting occur. Ascites, and 
edema of the face, abdominal wall and lower extremities are common. Death is 
frequently due to toxemia following anasarca. Data are not yet sufficient for 
evaluation of the real social importance of the disease in those areas where the 
infection is known to exist. It is well established, however, that highly fertile 
zones, valuable for agriculture, are among the worst affected places. 

2. Opisthorchis viverrini. Liver fluke infection in man represents one of the 
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major clinical and public health problems in widespread areas of the world. 
Clonorchis sinensis infects man and other animals throughout most of the Far 
East. Opisthorchis felineus occurs frequently in fish-eating mammals in Russia 
and East Europe. O. viverrini was reported to be an important cause of disease 
in Western Viet Minh (Bedier and Chesneau, 1924). 

In Thailand, although recognized in prison inmates 45 years ago (Leiper, 
1911), opisthorchiasis has only recently been studied in detail by investigators 
interested in its biological and epidemiologic aspects (Sadun, 1955). The parasite 
was identified as O. viverrini from studies of adult worms recovered at post- 
mortem from man and cats. Morphologic studies and measurement of egg 
from the feces of man and cats confirmed the identification. Over 26,000 persons 
were examined for the presence of eggs in the stools in all four regions of Thai- 
land. Human infection appears to be confined to the North and Northeastern 
regions. For the North, the data are still incomplete, but there is enough evi- 
dence to suggest that infection may be present in every province although with a 
relatively low prevalence. In the Northeast, infection with the liver fluke was 
found to be present in every province, and to constitute a clinical and public 
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health problem of great magnitude. It is estimated that at least one fourth of 
the population of Northeast Thailand, or 1,500,000 people, are infected with this 
liver fluke. In one province nearly 3 out of every 4 persons, and in one village 
all who were examined, were infected. 

With regard to O. viverrini infections, the Northeast can be divided into areas 
of high prevalence and those of relatively low prevalence. The areas of high 
prevalence are primarily concentrated along the valley of the Mekong River 
which forms the border between Northeast Thailand and Indochina. This in- 
cludes not only the territory watered by the main river but also the areas which 
receive the flow from the tributaries of the Mekong and in which numerous 
lakes, swamps, marshes and alluvial bottom land are situated. The areas of 
relatively low prevalence are around Korat province which borders upon Central 
Thailand and is farthest removed from the Mekong River. 

In the areas of heavy prevalence, 52.5 per cent of the persons examined were 
infected with the liver fluke. No significant difference existed in the sex distribu- 
tion of infection. As indicated in Fig. 2 the prevalence of infection was lowest in 
children up to 4 years of age and increased fairly regularly with increasing age to 
adulthood. In the areas of low prevalence 2.6 per cent of the persons examined 
harbored this infection. In these regions, also, there was a somewhat uniform 
increase in prevalence from birth to adulthood (Fig. 2). 

Egg counts in the areas of low prevalence revealed an average intensity of 
infection of less than 3,000 eggs per ml. of feces (EPG) in contrast to an average 
egg count of 7,700 among infected persons examined in the areas of high preva- 
lence (Table 1). No significant difference in the sex distribution of intensity of 
infection was observed. The persons on whom egg counts were carried out were 
divided into 4 arbitrary groups according to intensity: light infections, between 
1 and 999 EPG; medium infections, between 1,000 and 9,999 EPG; heavy in- 
fections, between 10,000 and 29,999 EPG, and very heavy infections, 30,000 
EPG and over (Table 1). In both sexes, nearly four-fifths had medium or heavy 
infections. Only 17 per cent had light infections and 4 per cent had very heavy 
infections. 

Many persons with serious impairment of liver function were found. Symptoms 
seemed to increase in severity with duration of infection and as flukes were ac- 
quired in greater numbers. The earliest indications of illness were usually general 
malaise, abdominal discomfort and occasional diarrhea. These were sometimes 
followed by pain at the site of the liver, transient urticaria and jaundice. No 
marked eosinophilia was found to be associated with the infection. Liver cirrhosis 
and carcinoma of the bile ducts were often observed in the areas of high en- 
demicity. A diagnosis of carcinoma of the bile ducts was established in four 
adult males infected with Opisthorchis, one of whom, at autopsy, harbored nearly 
6,000 adult flukes. Whether or not the association between liver fluke infection 
and carcinoma of the bile duct was a causal relationship could not be determined 
by our studies. However, previous work with O. felineus and with Clonorchis 
sinensis has indicated considerable histopathologic changes in the liver in infected 
individuals even when infections were light or moderate and the clinical symp- 
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toms were slight or non-existent (Hoeppli, 1933). Dilatation of bile ducts, pro- 
liferation of the biliary epithelium, desquamation, new formation of bile 
capillaries and carcinomatous changes have been reported. 

Some of the factors which influence the spread of the infection were thoroughly 
investigated. Cats and dogs were found to benaturally infected with Opisthorchis 
not only in the Northeast where the infection is highly endemic in man but also 
in Central Thailand where no indigenous human infections were encountered. 
It was found that raw fish is frequently eaten, particularly by the Siamese of 
Laos descent in the Northeast. The presence of viable metacercariae in some of 
the common raw fish purchased at a market in a province of high endemicity 
was demonstrated. The distribution of infection was attributed to the dietary 
habits of the Laos people and to the degree of pollution of the bodies of water 
where fishing takes place. The basic diet of most Siamese consists of polished rice 
flavored with fish and fruit; therefore, practically every farmer is a fisherman, and 
sends his children after crustaceans and fish almost as soon as they can walk. In 
addition, because ponds or small lakes surround the villages, fishing is developed 
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TABLE 1 


Intensity of infection with Opisthorchis viverrini in areas of high prevalence 


Males Females Both Sexes 
Intensity Group in EPG* 


Number Per cent Number Per cent Number Per cent 


1 to 999 49 8 16 7 
1,000 to 9,999 58 ¢ 58 247 
10,000 to 29,999 56 y | 20 87 
30,000 and over 0) ‘ 6 18 





Totals 272 100 425 
Average EPG* 7,400 8,300 


7,709 


* Number of eggs per gram of formed feces. 


as a local industry. This explains why, besides rice and fruit, fresh water fish 
are a chief constituent of the menu of the people. The abundant pollution of 
ponds and small lakes around the villages by direct defecation and through 
latrines built over the water or on the shoreline, added to the practice of frequent 
consumption of raw fresh-water fish, provides one of the most fertile sources of 
Opisthorchis infection. 


DISCUSSION AND CONCLUSIONS 


Intestinal and liver flukes as well as many other helminths are found over 
widespread areas and affect great masses of population. The importance of 
helminthiases to the task of economic and health rehabilitation in the under- 
developed areas needs no elaboration. It is obvious to every observer that prob- 
ably the major problem of tropical countries, which correspond remarkably to 
those areas which have been defined as underdeveloped or relatively unaffected 
by the industrial revolution of the 19th and 20th centuries, is nutritional in 
nature. These countries, on the average, provide their people with one-third less 
food in caloric content than the industrialized nations and the disparity is even 
greater when measured by protein content (May, 1954). In order to solve these 
problems, campaigns have been launched to introduce soya-bean milk as a 
source of protein; powdered milk has been distributed to children in various 
schools; and extraction of shark liver oil has been encouraged for distribution as 
a vitamin supplement. 

What is less obvious, however, is that these dietary supplements are of limited 
value as long as liver flukes, intestinal flukes and other helminthic infections 
deprive the host of badly needed nutritional elements or prevent the host from 
utilizing whatever elements are available. Similar reasoning can be applied to 
programs of maternal and child health, tuberculosis control and rural health. 
These statements should not be interpreted as trying to discourage in every case 
the establishment of control programs directed at specific diseases. However, it 
would appear futile to exert a maximum effort to fill a bucket without first 
plugging the holes in its bottom. 

The integration of intensive parasitological investigation with public health 
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programs is indispensable if any long-lasting results in general, and permanent 
economic and health improvements are to be achieved in the tropics. These 
should include observations on the ecology and distribution of helminths as well 
as physiological investigations into the nutritional and physical requirements 
of the parasites, and the pathogenesis and mechanisms of host response. Just as 
there are cultural and economic factors that shape the helminthic picture in 
the various geographical areas, there are helminthic infections that shape the 
cultural and economic conditions of the people in these areas. Only after a 
concentrated, serious effort has been made to recognize and to integrate these 
factors, can public health measures leading to the ultimate aim of control meet 
with success. 
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Dr. Sadun’s studies on Opisthorchis viverrini have given for the first time a 
true idea of the importance of liver fluke infection in Thailand. They show that 
the disease caused by this parasite is one of the major health problems in that 
country, especially in the northeastern part among the Laos people. It may well 
be that more people suffer from severe liver fluke disease in the endemic areas of 
O. viverrini, which extend beyond the Mekong River into northwestern Viet 
Minh, than in all the endemic areas of Clonorchis sinensis. Extensive studies of 
the liver flukes of man during the last fifty years in Japan, Korea, China, North- 
ern Indo-China and the U.S.S.R. have emphasized the difficulties of treatment, 
since the parasites in the small bile ducts of the liver become walled off and 
protected from drugs used in therapy by the extensive reactions of host tissues. 
Prophylaxis and control are also difficult since they involve changes in long 
established methods of preparation of fish which in the endemic areas is the most 
important source of protein in the diet of the people. The findings of Dr. Sadun 
and his coworkers are a challenge to public health workers in Thailand, and we 
can expect from them investigations on the life cycle and epidemiology of this 
parasite, which will lay the foundations for its successful control. 

This symposium and the numerous papers given elsewhere on the program of 
the New Orleans meeting show an increased emphasis on helminthic diseases, 
which is a source of satisfaction to those of us whose primary interest is in the 
worms. Stimulated in the beginning by infections of troops in the field during 
the second world war, there has been a remarkable increase in research on schisto- 
somiasis and filariasis all over the world, which has greatly increased our knowl- 
edge of the epidemiology and control of these two important helminthic diseases. 
Important advances have also been made in the field of antihelminthic medica- 
tion, especially in the finding of better drugs for the treatment of the two com- 
monest helminth parasites of man, ascaris and enterobius. Very stimulating to 
workers in this country have been the researches on wandering nematodes (larva 
migrans) as a cause of disease. Advances have been made in our knowledge of the 
physiology of helminths involving biochemical analysis such as an increased 
understanding of the mechanism of immunity and of enzymes and other products 
of metabolism. Very encouraging also have been the striking advances made re- 
cently in the in vitro cultivation of parasite nematodes, which will furnish tech- 
niques for the investigation of many unsolved problems in helminth physiology. 

It is interesting in considering the program of the New Orleans meeting to see 
how fully these recent advances of our knowledge in the field of helminthology 
were reflected in the papers that were presented. 





SYMPOSIUM ON HELMINTHIC INFECTIONS! 


Part III 


Introducing the speaker, the moderator said: We are accustomed to think of 
Echinococcus infection as present primarily where shepherds live in close associa- 
tion with their dogs, and we thus know it in the temperate zone especially in New 
Zealand, Australia and in Uruguay and the Argentine. It is also tropical and sub- 
tropical, in the littoral of the Mediterranean and along the southern coast of 
Asia. Now it turns out to be of importance in the lives of northlanders, who 
also live close to their dogs. 

Our next speaker, previously Senior Parasitologist of the Canadian Department 
of National Health, at the Institute of Parasitology of Macdonald College, Mc- 
Gill University, presented some of the results of the Canadian study as the 
Theobald Smith lecturer of the New York Society of Tropical Medicine last 
spring. We again make it a proper subject for a tropical medicine meeting, lifting, 
so to speak, the Tropic of Cancer up to the Arctic Circle. 


ECHINOCOCCUS DISEASE IN NORTHERN NORTH AMERICA 
JOHN B. POOLE? 


Department of Parasitology, Macdonald College, 
McGill University, Montreal 


In his presidential message of 1956, Dr. Asa Chandler stated that ‘‘tropical 
medicine” is a misnomer—it actually refers to the medical problems of under- 
privileged or underdeveloped areas of the world, many of which are far outside 
of the tropics. The so-called “tropical diseases’”’ result from the interaction of 
substandard ways of life with bad environmental conditions. Several large areas 
in Northern North America which are populated by native Indians and to a 
lesser degree by Eskimos, appear to conform to Dr. Chandler’s conditions. While 
this native population presents a variety of medical problems, the majority of 
them are outside the scope of this review and this paper describes only one, 
hydatid disease caused by Echinococcus, a tapeworm parasite. 

At first hydatid was thought to be a cystic tumor and it was only in com- 
paratively recent times that it was found to be caused by the parasitic larval 
stage of a minute tapeworm which lives in the intestine of carnivorous animals, 
particularly the dog. The larval stage occurs in a large variety of animals ranging 
from marsupials to man and is regarded as showing very little host specificity. 
In most animals it causes no symptoms of disease. It is only when it occurs in 
man that it is associated with clinical disease and the probable reason for this is 
that man has a much longer life span than the other animals concerned. The 


1 Held at the annual meeting of the American Society of Tropical Medicine and Hygiene 
in New Orleans, Louisiana, November 1, 1956. 
2 Present address, Sterling-Winthrop Research Institute, Rensselaer, New York. 
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development of the cyst is a slow process so that it is only in such a long-lived 
animal that it becomes an obvious cause of disease. 

It is important to realize that it is only in dogs and their relatives that the 
tapeworm can grow to a mature worm. Any other species of animal, including 
human beings, can eat the larval stage, that is the hydatid cyst, with complete 
impunity; it will simply be digested. When eaten by a dog, however, it will 
become a sexually mature worm in about six weeks, if a heavy infection does not 
kill the animal before this stage is reached. Infection in the sled dog is usually 
colossal; 10,000 adult tapeworms per intestine is not unknown. 

Man acts only as an intermediate host (Dew, 1935), occupying the same bio- 
logical position as sheep or wild herbivores, but owing to the fact that dogs do not 
have access to human viscera, such infection is a dead end as regards completion 
of the parasite’s life cycle. The majority of infections in man are due to contami- 
nation of the hands by direct contact, that is by handling or caressing the dogs. 
There is also a great deal of evidence, particularly from Australia (Dew, 1928), 
to show that the eggs could be, at least partially, air borne. 

Echinococcus or hydatid disease has been considered to be rare enough in 
North America to be somewhat of a curiosity. The recorded incidence of human 
hydatid in North America, exclusive of Mexico, is low and while it is described 
to medical students in nearly all the medical schools and in many textbooks, 
probably not more than one per cent of the practicing physicians of this continent 
have ever seen a case. Steele, 1952, in discussing animal disease affecting man, 
points out that outside of this country, the dog tapeworm, Echinococcus, is one 
of the most important infections found in man. 

Wolfgang and Poole (1955) reported that of 2,022 natives in Northwestern 
Canada that were tested with the Casoni skin test, 31 per cent gave a positive 
reaction. They further described the life history of the parasite as involving 
passage from wild herbivores to wild carnivores and domestic sled dogs and 
hence to man, and stated that the presence of Echinococcus in Northwestern 
Canada was definitely established. 

Meltzer et al. (1956) presented data on 187 cases of hydatid cysts in Indians 
from Northwestern Canada of which 42 had been admitted to the Indian Health 
Services hospital in Edmondston and the remainder diagnosed in the field. A large 
number of these cases were originally tentatively diagnosed from chest X-rays 
and the fact should be kept in mind that if only one solitary calcified cyst is 
visible it does not exclude the possibility of the presence of other non-visible 
cysts (Schlanger and Schlanger, 1948). Nor does calcification imply the biological 
death of the parasite or freedom from subsequent infection. 

It is important to note that since the Australian-type antigen has been aban- 
doned in favor of the Canadian reindeer-type antigen obtained from the Institute 
of Parasitology, McGill University, all but one of the radiologically and surgically 
proven cases reacted positively to this new antigen. 

During this past summer a survey of the incidence of hydatid disease was 
carried out in the Keewatin area which borders Hudson Bay in Northeastern 
Canada (Whitten, 1956, unpublished—pers. communic. from Dr. T. W. M. 
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Cameron). Through the courtesy of Dr. Cameron, Director of the Institute of 
Parasitology, I am able to report that 309 natives were given the Casoni skin test 
and 18 per cent showed positive reactions. The reindeer-type antigen was used 
entirely for this survey. 

From these surveys it was noted that infection occurs with a slightly higher 
frequency in males, but the figures so far obtained are not significant. The 
highest rates of infection have been found in the 20-50 year age group but this 
also may not be a true picture because other age groups provided relatively small 
numbers for the Casoni skin test. 

When we realize the extremely poor hygienic conditions under which the 
natives live, particularly the Indians in the Northwest, it is surprising that the 
incidence of hydatid disease is not a great deal higher than these surveys have 
recorded. Many of the Indian bands exist during a good part of the year by 
hunting the wild herbivores, and almost of necessity they feed the viscera of 
these animals to their sled dogs. Each family owns a team of six of these sled 
dogs at least. The Indians live under crowded and extremely filthy conditions in 
tents and crude log cabins in close association with their dogs so that to all 
intents and purposes they are doing everything possible to assist the Echinococcus 
parasite in its life cycle and to cause hydatid cyst infection in themselves. To 
these ideal host-vector conditions can also be added the fact that the Echino- 
coccus egg which is passed in the dog’s feces is remarkably resistant to all normal 
conditions. It can withstand 12 days drying, 7 days in water, and 4 months in ice 
(Cameron, 1927). This last fact especially, no doubt has a good deal to do with 
the maintenance of the disease in Northern North America. 

A few years ago Dr. W. Wright (1951) pointed out that hydatid disease had 
been controlled to a large extent in Iceland and some progress has been made in 
New Zealand and Australia. Control procedures have included the suitable dis- 
position of animal viscera and the treatment of dogs for the removal of adult 
tapeworms. Enforcement of either of these procedures would be very difficult, if 
not impossible, in most parts of the Northland. This along with the lack of a 
really effective taeniicide leaves us with a very disheartening picture for future 
control of this disease. 

Definite information as to the incidence of hydatid disease in domestic animals 
in North America is lacking. It would appear to be rare and it is assumed that 
there has been no appreciable increase in the disease. Unfortunately under the 
modern high speed procedures used in slaughterhouses it is impossible for the 
veterinary inspectors to detect more than a small percentage of animals infected 
with hydatid cysts. However, there has been considerable evidence presented to 
show that a variety of wild animals are acting as a reservoir for this disease 
(Riley, 1933, 1939; Cowan, 1948; Miller, 1953). In the past five years Echino- 
coccus has been recorded from moose and other deer, foxes, coyotes and wolves 
in both Eastern and Western Canada and in Alaska. Echinococcus appears to 
be still mainly sylvatic and as such exists right across the northern part of Canada 
and Alaska. The cycle in Northern Canada is between herbivores (moose, caribou 
and reindeer) and wolves which act as the definitive host for the parasite. 
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Recently Dr. R. Rausch (1951, 1952) and the United States Air Force have 
reported what they consider to be a separate species of Echinococcus in the 
Aleutian Islands. The cycle of this hydatid tapeworm is from fox to fox via small 
rodents. The same life cycle has been reported by Yamashita et al. (1955) from 
some of the smaller Japanese islands. Rausch was also able to do skin tests using 
a nonspecific Echinococcus antigen on the natives of two villages and obtained 
positive reactions of 20 per cent (126 persons tested) and 28 per cent (106 persons 
tested) respectively. The type of hydatid found in the wild rodents was called 
alveolar hydatid but it bears no resemblance to the human alveolar type. This 
author believes it might more correctly be called murine multilocular hydatid. 
However, Mankau (1956) infected laboratory white mice with tapeworm eggs 
obtained from wild foxes of St. Lawrence Island, Alaska. The hydatid cysts 
produced in these mice are called alveolar cysts and from the published photo- 
graphs these appear to resemble closely the human alveolar forms. The larva is 
described as growing by invading additional host tissues by successive exogenous 
and endogenous budding rather than by the hyaline layer failing to be laid down 
in a regular pattern as is the usual case in human alveolar infection. There is a 
probability that this parasite is different from that usually associated with dogs, 
herbivores and man as found in Canada. 

From an examination of the literature it appears that the majority of workers 
in this field are under the impression that there exists only one species of the 
genus Echinococcus, that is, Echinococcus granulosus. Cameron, 1927, wrote an 
excellent review of the subject (which has been entirely overlooked in nearly all 
subsequent studies) describing three other definite and distinct species. One of 
these, H. oligarthrus from wild cats in Brazil, has as intermediate hosts, various 
wild rodents peculiar to South America. The species differs morphologically from 
forms found in Europe. Until about a million years ago South America was an 
island and contained no carnivores at all. The carnivores crossed into South 
America from North America via the central American bridge (Cameron, 1950) 
and it seems logical to assume that the species found in wild cats originated in 
North America. At variance with this theory is that of Fontana (1951) who 
believes that hydatid was introduced by dogs brought by whalers to South 
America. If we bear the carnivore migration theory in mind it may possibly help 
to explain the Alaskan type of hydatid and also the difficulties that have arisen in 
Canada in the use of antigen from Australia which was prepared from E. gran- 
ulosus. 

Another interesting fact is that in other countries having hydatid infection, 
75 per cent of the cysts are found in the liver, 10 per cent in the lungs, and the 
remaining 15 per cent elsewhere. In Canada about half the cysts are found in the 
lungs. This may be another pointer to the idea that we are dealing with different 
forms. There have been several explanations advanced to account for this higher 
percentage of lung cysts but considerable research is still needed on this phase of 
the disease. 

While the total number of human cases recorded in such endemic hydatid 
countries as South America, Australia and New Zealand may be higher than in 
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Northern Canada, the disease in those countries is spread over a wide area and 
is not localized as it appears to be in Northern North America. 

It has been known for a number of years that Indians in Northwestern Canada 
were infected to some degree with Echinococcus and it was suspected that the 
same conditions prevailed in Northeastern Canada but it was not realized until 
recently that the incidence of the disease was so high throughout Northern North 
America. However, with the influx of a transient white population for mining 
and defense projects into the Northland during the past few years and its prob- 
able increase in the future, the disease can be expected to be more frequently seen 
in other parts of North America. Because there are generally few or no symptoms 
apparent for a number of years after infection, many people who have lived in 
the north and are now, or will be, located in nonendemic areas in North America 
may well present a difficult and practically unknown diagnostic problem to the 
medical profession in the years to come. While these prospective patients will not 
be a public health menace they can provide a serious medical problem both to 
themselves and to their physicians. The doctor’s favorite question in the imme- 
diate postwar years was, have you been overseas and if so, where? Perhaps in the 
not too distant future this may well change to, have you been to the Northland 
and if so, where and when? 


SUMMARY 


Surveys on the incidence of Echinococcus disease conducted on the native 
population in Northern North America reveal the role of wild animal reservoirs 
and show that sylvatic Echinococcus exists across the northern part of Canada 


and Alaska. The type of life cycle found in Alaska is compared to the Canadian 
type and some theories advanced to explain the differences. Finally, the wide- 
spread incidence of Echinococcus in the recently recorded endemic areas in the 
Northland suggests the possible spread of the disease to other parts of North 
America. 


REFERENCES 


Cameron, T. W. M., 1927. Some modern biological conceptions of hydatid, Proc. Roy. Soc. 
Med. 20: 278-283. 

Cameron, T. W. M., 1950. Parasitology and evolution, Trans. Roy. Soc. Can. 44: 1-20. 

CHANDLER, Asa C., 1956. President’s message, Trop. Med. & Hyg. News. 5: 1-6. 

Cowan, I. McT., 1948. The occurrence of the granular tape-worm Echinococcus granulosus 
in wild game in North America, J. Wildlife Man. 12: 105-106. 

Dew, H. R., 1928. Hydatid disease. Australian Med. Pub. Co., Sidney. 

Dew, H. R., 1935. Hydatid disease—a general survey, Med. Press and Circular, Australia, 
191: 104-110. 

Fontana, V. P., 1951. Origin, development and extension of hydatid disease in America, 
Vet. Bull. 21: 376. 

Manxat, S. K., 1956. Studies on Echinococcus alveolaris (Klemm, 1883), from St. Lawrence 
Island, Alaska. III. The histopathology caused by the infection of Z. alveolaris in white 
mice, Am. J. Trop. Med. & Hyg. 5: 872-880. 

MeEttzeEr, H., Kovacs, L., OrForp, T.,AND Matas, M., 1956. Echinococcus in North American 
Indians and Eskimos, Can. Med. Ass. J. 75: 121-128. 

Miter, M. J., 1953. Hydatid infection in Canada, Can. Med. Ass. J. 68: 423-434. 





ECHINOCOCCUS DISEASE IN NORTHERN NORTH AMERICA 429 


Ravuscu, R., anp ScuiLuer, E. L., 1951. Hydatid disease (Echinococcus) in Alaska and the 
importance of rodent intermediate hosts, Science. 118: 57-58. 

Ravscu, R., 1952. Hydatid disease in boreal regions, Arctic J. of Arc. Inst. N. A. 6: 157-174. 

Ritey, W. A., 1933. Reservoirs of Echinococcus in Minnesota, Minn. Med. 16: 744-745. 

Ritey, W. A., 1939. The maintenance of Echinococcus in United States, J. Am. Vet. Med. 
Ass. 95: 170-172. 

ScHLANGER, P. M., anp ScHLanGER, H., 1948. Hydatid disease and its roentgen picture, Am. 
J. Roent. and Rad. Therapy. 60: 331-347. 

Streetz, J. H., 1952. Animal diseases of public health significance, Ann. Int. Med. 
36: 511-524. 

Wo .raeana, R. W., anv Pootsz, J. B., 1956. Distribution of Echinococcus disease in North- 
western Canada, Am. J. Trop. Med. & Hyg. 5: 869-871. 

Wricat, W. H., 1951. Medical parasitology in a changing world. What of the future? J. 
Parasitology 37: 1-12. 

Yamasaita, J.,Ono, Z., TakunAsuHI, H., anp Hatrort, K.,1955. On the occurrence of EZ. granu- 
losus in the dog in Rebun Island, Mem. Fac. Agri., Hokkaido Univ. Vol. 2, No. 3. 





DISCUSSION OF DR. JOHN B. POOLE’S PAPER 
BENJAMIN SCHWARTZ 
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The medical importance of hydatidosis may be gaged by the fact that a number 
of international meetings have been held on this parasitic disease—the latest in 
1956—and others undoubtedly will be held in the future. Moreover, there is an 
international journal published in Montevideo, Uruguay—Archivos Internaci- 
onales de la Hidatidosis—devoted exclusively to hydatidosis. Finally, the vast 
literature that has accumulated practically the world over on Echinococcus, 
together with the confusion that still prevails regarding the speciation of the 
genus, attests to the wide interest that parasitologists and medical workers 
everywhere have shown in this parasite of man and animals. 

North America, with the exception of Mexico, has until recently been con- 
sidered almost free of this parasitic infection. In South America, on the other 
hand, hydatidosis is known to be of great importance in several countries, 
especially Argentina, Paraguay, and Uruguay. In the last-named country, one 
of the most intensive livestock countries in the world, a large percentage of its 23 
million sheep and 8 million cattle harbor Echinococcus cysts, which are available 
to a great extent to the numerous dogs there. It has been estimated that Uruguay 
has 1 dog per 4 to 8 human inhabitants. In 1947, it was estimated that ina square 
kilometer in Uruguay there were 29 sheep infected with Echinococcus and 2 dogs 
which could transmit the disease to 12 persons. 

The recent work in Canada, which forms the basis of Dr. Poole’s paper, has 
shown that in the northwestern part of Canada a surprisingly large percentage of 
the population give evidence of Echinococcus infection when tested by the Casoni 
skin test. In the United States, so far as known, Echinococcus disease is still 
something of a curiosity. The vast majority of the cases observed and reported 
here apparently have been acquired outside of this country, the native cases 
being so few in number as to constitute only a very minor medical and public 
health problem. 

Dogs in the United States are rarely infected with the strobilate tapeworm, 
Echinococcus granulosus. In a paper published in 1954, Magath, who appears to 
have searched the literature diligently, reports only 9 cases of EZ. granulosus in 
dogs—4 from Mississippi, 2 from Tennessee, and 1 each from Georgia, Kentucky, 
and the District of Columbia, the last dating back to 1891. Although hundreds 
of dogs have been autopsied and examined in this country for their endoparasitic 
fauna during the past 3 or 4 decades, these animals have not, except in rare 
instances, harbored the tapeworm in question. We have in this country, however, 
sylvatic Echinococcus infection, with a rather high incidence of the larval tape- 
worm in the moose in Michigan and Minnesota and, apparently, an almost 
equally high incidence of the adult tapeworm in wolves. 

The source of infection of cattle, sheep, and hogs in the United States with 
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larval Echinococcus in the face of the rarity of the strobilate tapeworm in the 
dog is still somewhat of a mystery. During the last seven fiscal years, 1950 
through 1956, an annual average of 2,520 cattle livers and 128 calf livers were 
condemned under Federal meat inspection on account of Echinococcus cysts. 
During these years the total number of slaughtered bovines in which these 
infected livers were discovered at autopsy ranged annually from approximately 
13 to about 1914 million adult cattle and from nearly 5 to about 74% million 
calves. Assuming that the incidence of Echinococcus cysts in cattle lungs is 
from about one and a half to two times greater than that in the liver, as shown 
by published data that emanated from Germany many years ago, the real 
incidence of the parasite in cattle in this country probably is much higher than 
the figures given above. In fact, it is about two and a half to three times higher 
than the meat inspection figures show. Although no precise data are avail- 
able on the prevalence of Echinococcus cysts in swine, these parasites are prob- 
ably much more common in hogs than in cattle, so far as this speaker can judge 
from the ease with which he was able in past years to secure infected swine 
livers from meat slaughtering establishments in Richmond, Virginia. Chat- 
tanooga, Tennessee, was another area where these parasites were said to be 
commonly found. The incidence of Echinococcus in sheep in this country is un- 
known, but the parasite is not often found in these animals. 

Unless the occurrence of Echinococcus cysts in cattle and sheep can be ac- 
counted for almost entirely on the basis of transmission through the contami- 
nated dung of wolves and other wild carnivores, systematic autopsies of country 
dogs, especially in the lower Mississippi Valley, to determine the possible occur- 
rence in them of the strobilate tapeworm, are indicated. 


ADDITION TO THE DISCUSSION, BY DR. SABIN 


At this point Dr. Albert Sabin read the following excerpt from a paper pre- 
sented in September, 1954, by Academician K. I. Skryabin at a joint meeting 
of the Academy of Medical Science, U.8.8.R., and the Ministry of Public Health, 
Uzbek §.8.R., at Tashkent, on “The problem of the devastation of helminthia- 
sis common to man and animals.” 


“In the brief period of its development, Soviet helminthological science and practice 
have passed through two basic stages, viz: a) therapeutical sanation, and b) dehelminthiza- 
tion. At the present time we have reached the third stage, that of devastation. 

‘Rejecting the old methods of anti-helminthic therapy by reason of their utter divorce- 
ment from prophylaxis, Soviet helminthology, beginning from the year 1925, proceeded to 
base its sanitation measures on a new principle—that of the so-called dehelminthization 
of man and animals, based on the harmonious combination of elements of therapy and of 
prophylaxis. Dehelminthization requires not only that the organism be liberated from the 
helminthes that prey on its organs and tissues, but also that simultaneously the environ- 
ment be subjected to sanitary and prophylactical treatment, in such a way that all helmin- 
thic elements (imago, eggs, larvae) excreted by those affected are rendered completely 
harmless, and that not a single one of these elements has the physical possibility of subse- 
quently performing its biological cycle in nature. 

“Consequently, dehelminthization combines two qualities, viz——on the one hand it 
cures the organism of helminthiases, and on the other hand, it protects the outer environ- 
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ment against the dissemination of helminthic elements, with a view to averting new contact 
between the parasite and the host. 

“In posing the problem of the devastation of helminthes, Soviet helminthologists are 
far from possessing the utopian notion that mankind can speedily be rid completely of the 
numerous kinds of helminthes that prey on the body of human beings and of useful animals, 
and of the age-old widespread “‘worm infestation’. We are, however, convinced that it is 
not only quite possible, but also extremely important, to set about the realization of meas- 
ures designed to exterminate individual helminthes, and that this work should be begun in 
the very near future. 

‘Basing ourselves on the above-mentioned conditions, whose fulfilment determines the 
success of the devastational measures, we may draw the conclusion that it is quite possible, 
within a few years, to achieve the devastation of the carriers of the following helminthiases: 
1) human taeniasis and the corresponding cysticercosis of cattle and pigs; 2) human and 
animal echinococcus disease; 3) staggers in sheep and partly in human beings. Preparatory 
work on the devastation of the echinococcus disease and staggers has already begun in the 
U.S.8.R. Similar work has been begun in Hungary and Bulgaria. 

‘Mankind will arrive sooner or later at the extinction of helminthes, for unless this is 
done, it is difficult to imagine the progressive development of general and sanitary culture.”’ 





SYMPOSIUM ON HELMINTHIC INFECTIONS! 
Part IV 

Introducing the speaker, the Moderator said: Besides the damage caused by 
nematodes in their adult habitats, we are familiar in the classical human infec- 
tions with troubles they cause in getting through the body to where they want 
to go. But wandering nematodes in other than their proper hosts do similar, if 
not worse damage. This is a problem the end of which is not yet in sight. The 
present state of our knowledge is to be summarized by Dr. Paul C. Beaver. 


WANDERING NEMATODES AS A CAUSE OF DISABILITY 
AND DISEASE 


PAUL C. BEAVER 


Department of Tropical Medicine and Public Health, Tulane University 
School of Medicine, New Orleans 12, La. 


Certain phases of the subject of wandering nematodes have been reviewed 
recently, particularly with reference to the kinds of nematodes known to be in- 
volved, and to the changing views as regards their host-parasite relationships 
(Beaver, 1956). The clinical aspects also have been summarized (Platou and 
Beaver, 1956). In the present discussion an attempt will be made to review this 
subject somewhat more briefly, and to mention some of the questions raised by 
recent observations. References to original sources included in the reviews just 


mentioned will be omitted except in a few instances. 

Present day species of hosts and parasites have evolved under a gradual flow 
of diverse ecological situations resulting in more or less fixed host-parasite asso- 
ciations which justify the general concept that certain parasites belong to cer- 
tain hosts. At the same time, it is recognized that the relationships between hosts 
and parasites are in most instances somewhat flexible, and that there are degrees 
of suitability for each other. Parasites that could not survive as species in nature 
with man as the only available host, may nevertheless survive as individuals 
and undergo some development in man. With the same flexible relationships, 
mammals, including man in the primitive state, also serve as natural intermedi- 
ate and transport (paratenic) hosts for certain parasites of other animals. It is 
therefore to be accepted that in the home, dooryard, jungle and elsewhere, the 
infective larval stages of nematode parasites of other animals find various ways 
of entering the human body. In most instances these multitudes of host-foreign 
parasites are harmless, but some of them are now recognized as among the most 
common and most damaging parasites of man. 

Creeping eruption, caused by skin-penetrating nematode larvae, is perhaps 
the most widely recognized infection of this type. Many hundreds of cases are 
seen in Florida alone each year. It is well established that the third-stage larvae 
of Ancylostoma braziliense, a hookworm of cats and dogs, possibly other hosts, is 


1 Held at the annual meeting of the American Society of Tropical Medicine and Hygiene 
in New Orleans, Louisiana, November 1, 1956. 
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capable of producing creeping eruption. Indirect evidence indicates that it even 
may be the chief cause of this disease. On the other hand it may not be. A clear 
and complete concept of the etiology of creeping eruption can be had only after 
considerable further descriptive, experimental and epidemiological work has been 
done on Ancylostoma braziliense and other species. In the meantime, the assump- 
tion that any given case of creeping eruption is due to, or even probably due to, 
Ancylostoma braziliense must be regarded as faulty. It is not known to what ex- 
tent the behavior of larvae producing creeping eruption is due to abnormal host- 
parasite relationships; nor is the behavior itself clearly described, except in the 
skin. What happens to the larvae after they leave the skin and invade the deeper 
tissues, if they do, is still in doubt. Also, there is confusion with reference to the 
treatment of creeping eruption, due chiefly to the fact that after variable periods 
of migration the larvae may die or voluntarily abandon the skin whether treat- 
ment is given or not. 

Larva migrans of a different sort, but related to creeping eruption, is now be- 
coming well known under the designation visceral larva migrans. Like creeping 
eruption it is commonly contracted through association with cats, dogs and other 
animals and is characterized by prolonged migration of nematode larvae whose 
paths through tissues are marked by relatively large linear lesions. Also, as in 
creeping eruption, relatively few of the species which may be involved have yet 
been adequately studied. Actually, only Toxocara canis, one of the common as- 
carids of dogs, is presently a well-known offender, having on numerous occasions 
been identified in human tissues, and having once been used in producing char- 
acteristic disease in human volunteers. Incidentally, several of the nematodes 
which Wilder found in enucleated eyes of children a few years ago are now known 
to be Toxocara sp. (Nichols, 1956). For the reason that it usually is contracted 
through ingestion of soil contaminated by dogs, Tozxocara infection, in this coun- 
try at least, is more or less limited to small children of dirt-eating age. When 
the embryonated eggs are ingested, the larvae hatch in the small intestine, and 
by direct migration or through the circulation reach the liver, lungs, central 
nervous system and to a lesser extent, apparently, all or nearly all of the other 
organs. After an undetermined period of migration the larvae become encapsu- 
lated in dense connective tissue and at least some of them eventually die in the 
capsules. It is extremely interesting, however, that encapsulation does not itself 
destroy the larvae, but rather appears to be protective. At any rate, larvae are 
known to live without growth or development for at least two years after encap- 
sulation. This behavior suggests adaptation for paratenic intermediate host 
transfer but there is scant evidence of such a relationship in nature. 

In a Baltimore child, suspected of having visceral larva migrans, biopsy of 
the liver led to the first antemortem diagnosis of a human infection with Capil- 
laria hepatica, a nematode commonly found in the liver of rats. However, the 
child later died, providing a forceful reminder of both the possibility and the 
seriousness of this well-known, though apparently uncommon, zoonotic infection 
in man. This is the case reported by Otto et al. in 1954. An almost identical case, 
the fourth in man, has just been reported from Hawaii by Ewing and Tilden 
(1956). 
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Other such tissue-invading nematodes which recent observations have brought 
to attention are Gongylonema (Rossi-Espagnet and Salera, 1955), Thelazia 
(Lopez-Neyra, 1953), Physaloptera (Soriano Lleras and Pan, 1955), Gnathostoma 
(Miyazaki, 1954 a, b; Prijyanonda et al., 1955) and Lagochilascaris (Winckel 
and Treurniet, 1956). Though extremely interesting in their behavior and damag- 
ing effects in man, they are of relatively minor importance, except locally. 

One other group, the filarial worms, does deserve special attention and in- 
creased interest, however, because of man’s apparent susceptibility to zoonotic 
filarial infections, and because of several foreboding reports. Since 1952 four 
filaria infections (2 unreported), identified as Dirofilaria, have been found in 
residents of Florida, a single immature female being found in a superficial nodule 
in each case. In discussing these cases and similar ones in other parts of the 
world, it has been noted by others that while the worms involved may represent 
a variety of species, most of them are doubtless natural parasites of other ani- 
mals, most likely D. repens or some other species from the dog. The findings just 
reported by Newton and Wright (1956), indicating endemicity of a filarial worm 
other than Dirofilaria in dogs of this country have initiated new curiosity about 
the Dirofilaria spp. reported from man. The potential danger of filarial worms 
(especially Setaria digitata) in abnormal hosts has been stressed by Innes and 
Shoho (1952, 1953), who found that an apparently harmless species normally 
found in the abdominal cavity of cattle, is transmissible through mosquitoes to 
horses, goats and sheep where it is extremely damaging to the central nervous 
system and frequently causes death. We do not know how much, if any, devel- 
opment of this worm occurs in man, nor that it even enters the human body; 
but we can not dismiss the authors’ warning that this cerebrospinal nematodiasis 
is a disease which may occur in man. In this connection, the recent reports of 
metastrongyles in the central nervous system of sheep and deer in this country 
are of considerable interest (Whitlock, 1952; DeGiusti, 1955; Anderson, 1956). 

Histopathological observations have shown that the characteristic tissue reac- 
tion to wandering nematodes is a granulomatous lesion around or in the trail of 
the worm, sometimes followed by fibrous encapsulation or abscess formation. 
Extensive focal damage of this nature is reflected systemically, as in other toxic 
conditions, but greater harm may be caused in other ways. 

Variation in the pathogenicity of Tozrocara larvae was particularly striking in 
two cases of visceral larva migrans studied post mortem. In one of them the lar- 
vae were extremely abundant and except for an unfortunate fatal blood trans- 
fusion, the infection apparently would have been tolerated (Dent et al., 1956). 
In the other case, larvae were not abundant. Considerable search was required 
to find one larva, but in addition to focal granulomatous lesions in the heart, 
liver, kidneys and lungs, extensive degeneration and inflammation were present 
in the voluntary muscles and the diaphragm. These findings were interpreted as 
an example of allergic granulomatosis apparently due to the larvae (Brill et al., 
1953). There can be no doubt that relatively few larvae may be extremely dam- 
aging in some individuals, due to hyperurgic reactions, while in others, heavy 
infections are relatively innocuous. 

Another aspect of wandering nematode infections is their possible role as 
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vectors or predisposing factors in the introduction of other disease organisms. 
Burrows and Swerdlow (1956) have reported observations suggesting that Di- 
entamoeba may be transported from host to host in the eggs of Enterobius, in 
the same manner as Histomonas is carried to turkeys in the eggs of Heterakis. 
An example more closely connected with wandering nematodes is that provided 
by Mochizuki’s experiments demonstrating a relationship between the presence 
of Toxocara canis larvae and the localization of Japanese B encephalitis virus in 
the brains of mice (Mochizuki et al., 1954). Similarly a rece..t study by Krupp 
(1956) indicates that nematode larvae may provide predisposing factors in the 
colonization of Entamoeba histolytica in the liver. Although unable to demon- 
strate characteristic abscesses, in guinea pigs first infected with 7. canis larvae 
and then given ulcerating amebic infections of the cecum, she was able to demon- 
strate amebae in the liver of test animals more readily than from controls. 

Of great current interest is the suspicion that a number of disease conditions 
of unknown or doubtful etiology may be due to wandering nematodes. Eosino- 
philic granulomas of the alimentary tract, frequently mentioned in the recent 
literature, have in one instance been associated with an unidentified nematode 
larva (Wenger, 1948). Eosinophilic granulomas of bone resemble the destructive 
focal lesions caused by nematode larvae in other sites. Also, Jaques (1952 a, b) 
has found what he and Augustine believed to be nematode larvae in lesions char- 
acteristic of sarcoidosis (Schaumann bodies), and he proposed larval nematodosis 
as an etiologic factor in this and related diseases. Periarteritis nodosa, apart 
from the more classical cases, also may be due to nematode larvae, as pointed 
out by Churg and Strauss (1951) and by Brill et al. (1953). Finally to be men- 
tioned, among the diseases of unknown or uncertain etiology, tropical eosino- 
philia, variously designated, is most likely to be, in large part at least, due to 
nematode larvae in the lungs and other organs. Clinically, tropical eosinophilia 
has many features in common with visceral larva migrans and it now can be 
stated that in lung sections from a typical case studied in Singapore nematode 
larvae have been discovered and will be described in the near future. It is be- 
lieved in this instance that there can be no doubt about the larvae’s being di- 
rectly responsible for the disease. 

In summary, there are a variety of non-human nematodes which are known to 
invade, wander through, and in diverse ways damage human tissues. Because 
they characteristically do not produce eggs or larvae as in the more familiar 
helminth infections, wandering nematodes present special diagnostic and patho- 
logical problems. Possibly they are involved in a number of human and animal 
diseases which at the present time are of doubtful or of unknown cause. 
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DISCUSSION OF DR. PAUL C. BEAVER’S PAPER 
ASA C. CHANDLER 
The Rice Institute, Houston, Texas 


Dr. Beaver is to be congratulated for calling attention to the frequency and 
importance of visceral larva migrans, for demonstrating the most important 
etiological agent and the consequent epidemiology of the disease, and for sub- 
sequent work in his laboratory which has made it possible, for the first time, 
correctly to identify larval nematodes found in tissues. 

When parasites invade so-called “foreign” hosts to which they are not fully 
adapted, they frequently lose their way; the guide posts, whatever they may be, 
that enable a parasite to migrate to its proper destination in a “normal’’ host 
are absent, causing the parasites to become stranded along the way, or to end up 
in abnormal situations. Such misplaced parasites frequently cause more disturb- 
ance and embarrassment than they do in their normal hosts. There are examples 
of this phenomenon in all the major groups of parasites. That there are various 
degrees of “getting lost’’ is well illustrated by hookworms in the genus Ancylos- 
toma when they invade human skin. A. duodenale, at least in non-immunized 
hosts, has no difficulty in finding its way to the intestine. A. braziliense, on the 
other hand, seems seldom to be able to find its way beyond the skin, in which 
it forms tortuous tunnels—the creeping eruption referred to by Dr. Beaver. 
There is only a single record of this parasite reaching the human intestine (Dove, 
W. E., American Journal of Hygiene 15: 664-711, 1932), and even the validity 
of this has been questioned by Beaver (1956). Another species, A. ceylanicum, 
occupies an intermediate position. This species was long confused with A. bra- 
ziliense, but Biocea (1951) pointed out distinct differences both in the bursa and 
in the mouth capsule which I have been able to corroborate by comparison of 
specimens brought from Calcutta (ceylanicum) with specimens from Florida, 
Texas and Puerto Rico (braziliense). In India and southeast Asia, A. ceylanicum, 
a common parasite in cats and dogs, constitutes about 4 per cent of the adult 


hookworms in man, but is not known to cause creeping eruption. Evidently 


this species commonly migrates beyond the skin but only exceptionally completes 
its journey. A. caninum, like A. braziliense, practically never completes its jour- 
ney, but ordinarily it forms papules instead of tunnels in the skin, perhaps get- 
ting a little farther on its way than does braziliense, but not as far as does cey- 
lanicum. No doubt the migrations of these worms are influenced to some extent 
by differences in individual human hosts, age, previous exposure, etc. 

As far as the species of nematodes concerned in visceral larva migrans are 
concerned, work by Fiilleborn in 1925 and later by Sprent (1955) indicates that 
the size of the invading larvae is of great importance. Larvae 10y or less in di- 
ameter, e.g., microfilariae and Trichinella larvae, pass the pulmonary capillaries 
unimpeded and are distributed all over the body. Those over 20g, like larvae of 
Ascaris, Parascaris and hookworms, break out into the alveolar spaces of the 
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lungs and have a “‘tracheal’’ migration. The larvae of many of the ascarids of 
carnivores, including Toxocara canis, are intermediate in size, and undergo a 


somatic migration. Where they are finally trapped probably depends in part on 


the hosts and the size of their capillaries in various organs, and in part on the 


normal course of migration for the species. Some, like Toxascaris and Oesopha- 
gostomum do not usually migrate beyond the intestinal mucosa even in normal 
hosts. Torocara canis seems especially prone to become stranded in the liver 
in man. 

In mice this species is much more prone to reach the brain than the other 
ascarids, yet in its normal cat and dog hosts it rarely gets stranded in the brain. 
It is possible that it reaches the human brain more commonly than is realized. 
Fernando and Balasingham (1943), in a series of 162 cases of acute ascariasis in 
India, reported 14 cases suggestive of encephalitis and one suggestive of menin- 
gitis (8 of which died, and possibly 3 more). Since To.xocara canis is acquired 
under the same conditions as Ascaris lumbricoides if dogs are present, it is quite 
possible that some of these cases could have been due to concomitant To.xocara 
infections, and the introduction of viruses into the central nervous system, which 
Dr. Beaver referred to as a possibility. 

Although, as Dr. Beaver pointed out, invasion of the brain by Toxocara larvae 
causes little disturbance in experimental mice, a single case with symptoms re- 
ported by Smith and Beaver (1955) seems to me significant, since this occurred 
a year after infection in a mouse that probably was reinfected by eating a dead 
infected cage mate. The absence of inflammation in brains of rodents invaded 
by Toxocara canis is in contrast to invasion by ascarid larvae that grow, and 
therefore metabolize, in the brain, and also to invasion by immature filariae, as 
shown by Innes and Shoho (1952) and by Kennedy, Whitlock and Roberts 

1952). 

In addition to this difference in reactions to growing as compared with non- 
growing larvae, it is also possible that sensitization by previous exposure may be 
an important factor, and one which might account for Dr. Beaver’s observation 
that relatively few larvae may be extremely damaging in some individuals, 
while in others heavy infections are relatively innocuous. It is to be hoped that 
studies will be made on this phase of the problem. 
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SYMPOSIUM ON HELMINTHIC INFECTIONS 
Part \ 

Introducing the speaker, the Moderator said: Not everyone who dreams up a 
Sabbatical can work out so extensive an itinerary as did our next speaker. It 
took him into East Africa, to the Near and Middle East, to West Africa, and 
then to South America. While not primarily bent on helminthology, one cannot 
be aware of his background of experience with the worms of man without real- 
izing that he must have gained on his trip many up-to-date impressions of hel- 
minthie infections as the cause of disability and disease. He has consented to 
use this rostrum to share with us some of these impressions 


PERIPATETIC PARASITOLOGIST 
H. W. BROWN 


School of Public Health and Administrative Medicine. Columbia University 
600 W. 168th St. New York 32, N. ) 


Our great American parasitologist, C. W. Stiles, eschewed the laboratory re- 
finements in the diagnosis of hookworm disease and in the early days main- 
tained that on a walk through a streetcar he could pick out the hookworm 
diseased by their physical appearance. My remarks today on parasitic diseases 
the world over are somewhat in the same category, for | covered some 30,000 
miles in six months. I considered calling this essay “Inside the Africans—South 
Americans, or even Arabs’’, but whereas in science it would be ‘‘a complete 
bibliography”’, in literature it would be called plagiarism. 

Thanks to the World Health Organization, the Josiah Macy Fund, the Amer- 
ican Arabian Oil Company and the Aluminum Company of America, I visited 
those countries in the Near East, Africa, South and Central America shown on 
the accompanying map. Usually I visited the capital city where arrangements 
had been made for me by the World Health Organization to discuss public 
health and medical problems with the Ministry of Health group. Extensive field 
trips were taken which permitted me to see the rural, primitive conditions under 
which diseases are acquired and where pilot projects for their control are in 
progress. I also visited public health and medical programs of the United States 
International Cooperative Administration. Former students of Columbia Uni- 
versity School of Public Health were found everywhere, usually in strategic 
positions. They discussed and showed me the disease problems of their countries 
in hospitals and in the field by day, and by night, the food, drink and enter- 
tainments of their lands. Medical missionaries who had studied at Columbia, 
who had been patients at our Presbyterian Hospital, or to whom I had been 
introduced through their secretary, took me into the rugged hinterlands where 


they are at the frontiers of disease and have the philosophy that ‘ta missionary 


' Held at the annual meeting of the American Society of Tropical Medicine and Hygiene 
in New Orleans, Louisiana, November 1, 1956 


141 





W. BROWN 











ra Te 
NA 
po —| “hoy ae +——_—_+_ 


4 ae } 2 Se ' 
os ae ee PPS 


| 
* | 
4 

| 





Subject 


Date 
Laplanation 





fare) sateen 


————1——# 





Itinerary of the peripatetic parasitologist 


Fic. 2. Schistosomiasis is often an occupational disease in Egypt 


Raising water with an Archimedean Screw with legs immersed in the canal water 


in the bush is worth two in New York’’. I travelled by private plane, jeep, dug- 
out canoe and on foot. 

My impressions then are based on what I saw and what I was told by intelli- 
gent and informed health workers. I was more interested in the trends of para- 
sitic diseases than their exact prevalence; what control projects are in progress 
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Fic. 3. Women are also exposed to canal water while guarding cattle 


Fic. 4. Transportation presents an obstacle to the control of disease. 
In Liberia the medical missionary has taken 


to the air, increasing the sphere 
of his activity 


against these diseases; plans for the future; research to implement their control 
programs. 


NUTRITION 


The role of nutrition of the host in parasitism is well recognized and, in gen- 
eral, a well nourished host is the most resistant host. Throughout many of the 
countries | visited malnutrition and undernutrition are frequently encountered. 
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Fic. 5. In the Middle East public health is slowly carried into the hinterland 


The lack of protein in the diet is a cardinal problem and animal protein is a 
luxury in many areas. In Africa there are 3,500,000 square miles largely devoid 
of domestic animals because of disease. The loss of their flesh for food is of great 
importance and the absence of manure is a major problem in agriculture. In 
many parts of the Near East where they have ‘oil to burn’? throughout the 
rural areas, which is most of the country, they burn animal dung for cooking 
and heating and without commercial fertilizers their crops are pitiful. Egypt 
burns its animal dung but, fortunately for them, the flooded Blue Nile washes 
down the rich top soil from Ethiopia each year. This is laboriously spread on 
their land enabling a yield of two and three crops of Iowa proportions yearly 
With only one-third acre of arable land per person, it must be productive. Ethi 
opia, cultivating its vast highlands with the forked-stick plow of biblical times 
and with its great herds of cattle, is more fortunate. Wandering desert tribes 
following the green grass are prey to vicissitudes of rain. By contrast, in parts 
of Africa and South America 100-200 inches of rainfall a year have leached the 
soil and without animal manure the land is so depleted that a crop is grown on 
it only every seventh vear, and the land lies fallow and grows to brush the inter 
vening six years. 

Man’s preoccupation with producing the food he is to eat today consumes all 
of his productive life. He has little time for his health and the better things of 
life. 


PRANSPORTATION 


Once outside the areas surrounding the capitals and large cities, transportation 
often becomes an insurmountable problem. All year roads are being constructed 
but off them is the desert or the morass, especially during the rains. Bridges of 


temporary construction are washed out with every freshet and the traveller 


perforce becomes his own road builder. Many villages, especially in the moun 
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Fig. 6. World Health Organization and the United States Cooperation Administration 
have stimulated public health programs throughout the world. Qalyub Health Demonstra 
tion in Egypt 


tains, are accessible only on foot or quadruped. In parts of Africa missionaries 
have taken to the air, and in Liberia I had a breathtaking ride in a small Cessna 
back into the hinterland to a missionary hospital in an hour and a half, nine 
days by road in the dry season—impassable in the wet. In Surinam I visited 
villages that were several hours on foot from a large river or a similar time pad 
dling up a small log-obstructed creek. How do we bring in public health, medi 
cine and prevention of parasitic diseases to these remote, sparsely populated 


areas? 


DISEASES 


Wherever I travelled dysentery was the most common ailment encountered 
and estimates of morbidity and mortality by physicians and public health work- 
ers varied. They all agreed on one point, however—that these figures are very 
high, especially in infants. Laboratory diagnosis is usually not available, but 
from clinical evidence most of the dysentery was bacillary, although in an 
African missionary hospital a competent technician found 40-50 per cent of 


their dysenteric patients harboring Entamoeba histolytica. There may be some 


age immunity to dysentery, but in view of its high prevalence in the adult popu- 
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Fig. 7. Dried animal dung used in cooking in the Middle East robs the soil 


of fertility 


8. The pump in the foreground is a logical first step in the prevention of disease in 


iG 
this Arab village 
lation, estimated by some physicians at 90 per cent of the population per year, 
and in view of the few formed stools among the thousands of dysenteric deposits 


that I saw on the banks of canals in the Near East and semi-private areas in 


villages throughout my trip, it is evident that natives have dysentery commonly 


and that it is not a disease only of the stranger. 
Water, which is indiscriminately and universally polluted, is probably the 
primary source of infection, although flies and food must be very important. 





PERIPATETIC PARASITOLOGIST 





Fic. 9. Old and young attend a public health clinie in Ethiopia 


The importance of water is well recognized and every country is making some 
effort to improve its rural as well as urban supply. Pumps are very slowly re- 
placing open wells in the Near East, and in Mexico and Guatemala I saw that 
piped supplies from springs are replacing highly contaminated open ditches. 
When a village achieves a safe piped water supply all the nearby villages imme- 
diately insist on similar luxury. 


MALARIA 


Malaria is king of diseases and still reigns throughout the world although 
small areas have thrown off this cruel ruler, especially in the past ten years with 
the aid first, of D.D.T. and more recently other space sprays. Due in a large 
measure to the World Health Organization, space spraying is one of the com- 
monest public health control measures practiced today in underdeveloped coun- 
tries. From Iran to Chile the letters D.D.T. are found inscribed on houses in 
the cities, villages and isolated huts along main roads and byways. Every country 
has pilot programs testing the efficacy of various sprays on their vectors under 
their own local conditions. Vast areas difficult of access, many with thinly 
spread, poor populations, are unsprayed and still highly malarious. 

Areas which have thrown off the yoke of malaria are experiencing good health 


for the first time and eradication is now the goal rather than control. Strangely 


enough, space sprays have failed in some areas, such as the Tigris Steppe area of 
Iraq where the people sleep out of doors during the height of the malaria season 
and mosquitoes feed on them without exposure to the D.D.T. in their huts. 

Malaria control, like the provision of safe water supplies, gives quick public 
health results and it is rapidly achieved because it is done for the publie by local 
crews that can be rapidly trained. Education of the public is easy and rapid and 


no religious, economic or folk customs are usually involved. We must be prepared, 
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Fic. 10. Market day in the hinterland of Ethiopia is useful for diagnosis, treatment and 
prevention of disease 





Fic. 11. Remote village in West Africa presents a logistic problem to public 
health workers 


however, to feed, clothe and house the millions saved by malaria control as well 
as by other health measures. 
SCHISTOSOMIASIS 


Recent surveys in the Arab countries, Africa and Brazil, have uncovered an 
unknown extent and intensity of schistosomiasis. There is evidence that the in- 
fection is spreading. Man has been most helpful in its spread by developing large 
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Fic. 12. Two children of a nomad tribe in Iran with a scalp infection and trachoma 
How can medical care reach them? 





Fic. 13. Cutaneous leishmaniasis in Iran 


irrigation projects, such as the Gezira Irrigated Area of Sudan with 2,500 miles 
of snail bearing canals. During cotton picking as many as 90,000 persons migrate 
from Schistosoma-infected areas and camp out in the fields. S. hematobium and 
S. mansoni have become widely spread and firmly established in the Gezira. 
\ccording to Humphrys, no vector snails were found one year after the beginning 
of canalization; in 1925, after 1's years Bulinus snails were found in six canals 
and in 2!9 years Bulinus were present in all canals and Planorbis in nine. At 
that time 91 per cent of 921 S. hematobium carriers were immigrants, but local 
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Fic. 14. Malaria control by space sprays is popular throughout the world. In Iran even 
the rich man’s home bears its mark 


infection was already indicated by the presence of the parasite in children in 
widely scattered villages. Now the infection is widespread through the area. 
Other smaller irrigation projects in the Near East have a similar history. 

Pilot studies on the control of snail vectors are in progress in Egypt and else- 
where. The Nile delta with its overwhelming infections of both mansoni and 
hematobium presents a herculean challenge. The I.C.A. and others are experi- 
menting extensively with sodium pentachlorophenate and Dr. Elmer Berry, 
consultant to the program, feels that it has great advantages over copper sulfate 
which has been used for years. When stools and urine can be kept from reaching 
water the disease will disappear, but the religious custom of ablution appears to 
be an insurmountable barrier. 


Treatment centers for schistosomiasis are numerous in Egypt yet therapy 


with antimony compounds is long, attended by unpleasant and dangerous side 
reactions, and as one’s life is centered around the infected canals, reinfection is 
unavoidable. At the missionary hospital in Tanta on the Delta, I saw the deva- 
stating results of massive schistosome infections; urinary bladders as large as a 
grapefruit with diseased walls an inch thick; ureters the size and consistency of 
garden hose; enlarged calcium-laden kidneys and bladder carcinoma in youths of 
10 to 20 years of age. Surgery offered the only slight hope for temporary allevia- 
tion at this late stage. 

Unlike malaria, the schistosomiasis picture becomes grimmer with time. 
What is needed is an effective, cheap, oral therapeutic agent, a molluscicide of 
amazing activity, or a change in the habits of the human race. 


INTESTINAL PARASITES 


The trinity of intestinal parasites, Ascaris, Trichuris and hookworm are 


widespread in many of the areas I visited. Since they seldom kill their host and 
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Fic. 15. In West Africa Schistosomiasis and other parasitic diseases are spread by habit 


their association with anemia and poor health is not recognized by the public, 
they are accepted as necessary evils. Many small native villages provide privies 
for adults which are based more on privacy than sanitation, for children up to 
adolescence go naked and pollute the landscape at random, insuring all in the 
villages a goodly crop of these three worms. The crowded, poorer sections of the 
large cities such as Tehran, Baghdad, Cairo, Addis Ababa, Leopoldville, Para- 
maribo, Rio de Janeiro, Santiago, Lima, Mexico City, often have more concen- 
trated fecal pollution than rural areas and these helminths are prevalent. Pov- 
erty, illiteracy and ignorance conspire to delay the sanitary changes necessary to 
prevent these infections. These same factors prevent widespread therapy which 
although not a satisfactory control measure by itself, at least affords temporary 
clinical relief for the infected. 


ONCHOCERCOSIS 


Surveys in West Africa demonstrate that this parasite is much more wide- 
spread than hitherto suspected and it is an important cause of blindness. Millions 
are infected and thousands are blinded by this parasite transmitted by a fly 
which we are as vet unable to control. 


LEISHMANIASIS 


In Tehran I visited several boys’ schools and was impressed by the amount of 


cutaneous leishmaniasis in all stages the students presented. Many of the sores 
appeared to be secondarily infected. I was told that treatment was not usually 


given as the immunity following the normal course of the infection was highly 
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16. Seabies can be extensive and incapacitating 


valued. Baghdad boil and Aleppo sore are both said to be decreasing in those 


areas, Which may be a reflection of the house-spray program against malaria 


Dr. L. M. Deane’s survey in Brazil has discovered over 1,000 cases of visceral 
leishmaniasis which suggests that more extensive studies may show this infec 


tion to be more widespread in Brazil and South America than is now recognized 


CHAGAS DISEASE 


Chagas disease in Brazil and Chile is another disease which careful surveys 
indicate is more prevalent than was suspected. Dr. Neghme’s laboratory in San 
tiago has uncovered a 12 per cent infection rate among 20,000 persons examined 
by xenodiagnosis in the vicinity of the city. Whereas in Chile the infection 
appears to be mild, in Brazil and Argentina the cardiac pathology caused by the 
parasite is often severe and the disease is considered to be an important public 
health problem. Therapy is still unsatisfactory and the control of the vector 
presents many problems, especially in thinly populated areas. 


PARASITE CONTROL 
The control of parasitic diseases can only be achieved by teams consisting of 
physicians, scientists, engineers, nurses, health educators and technicians but, 
unfortunately, in many countries adequate provision is made only for the edu 
cation of physicians. Well-trained public health nurses, parasitologists, medica 


entomologists, sanitary engineers, sanitarians and laboratory technicians are, 
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therefore, absent or available in extremely small numbers. Graduate schools in 
the biological sciences are European and American institutions, yet it is funda- 
mental that all of these workers in the health field be educated and trained in 
their own countries if possible. 

Medical education in many of these countries has standards far above those 
maintained in other public activities, but clinical work is stressed whereas the 
basic science courses in microbiology, pathology and parasitology are often 
didactic with a minimum of practical laboratory work. Slide collections in pa- 
thology and parsitology are, in general, extremely meagre. On the other hand, the 
division of parasitology of the Tehran University Medical School appeared to 
be the strongest preclinical division in the school with excellent laboratories, 
teaching collections and staff. Much of this has been achieved with the aid of 
I.C.A. funds. The medical schools at Sao Paulo and Santiago also had very 
excellent and active teaching and research programs in parasitic diseases. 

The Schools of Public Health in Lebanon, Brazil, Chile and Mexico are out- 
standing. The Sudan has an excellent school for sanitarians in Khartoum and 
Egypt’s proposed High Institute of Public Health will serve the Near East. 
These few schools, however, are insufficient to train personnel for the control 
of disease for hundreds of millions of people scattered over millions of square 
miles. 

A number of countries ure without medical training facilities. Ethiopia, with 
an estimated population of 15,000,000 does not have a single native M.D. 
Liberia has one native M.D., Dr. J. Togba, trained at Meharry Medical College, 
who is Minister of Health of his country. Both of these countries and others de- 
pend upon the few foreign physicians that they can employ who speak a foreign 
language and all of whom wish to live in the capital city. Yet the Sudan with 
its excellent medical school in Khartoum has demonstrated the feasibility of 
training its own physicians. 

Parasitic disease control in all countries is part of the general public health 
program and in undeveloped countries the public health physician is often a 
part-time employee who also practices medicine because his clinical services are 
greatly needed, and they give him a livable income. Physicians are attracted to 
the amenities of large cities and, hence, vast rural areas with small towns and 
villages are without medical and public health services. Thus, six hundred of 
Iraq’s nine hundred physicians, I was told, are in Baghdad, a situation common 
in all the countries I visited. 

The public health problems of these several countries, of which the parasitic 
diseases are of major importance, appear overwhelming and yet I feel optimistic 
about their eventual solution. My optimism is based upon the recognition in 
every country by the government, leaders in all fields and many of the public 
that these problems can be solved as they have been solved by other countries. 
They always point to the United States in which a hundred years ago malaria, 
typhoid, dysentery, cholera, yellow fever, smallpox, diphtheria, scarlet fever, 
rickets and pellagra stalked the land and life expectancy was short indeed. This 
is the present condition of many of the underdeveloped countries, many of whose 
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leaders in public health and medicine have been trained in Europe and the United 
States. With our aid, scientific and economic, they feel they should be able to 
achieve in a short time the progress it took us one hundred years to achieve for, 
after all, better tools are available now. This urge to get things done in a hurry 
marked all the workers I met. There was an air of frustration—a good sign, I 
believe, far better then complacency; for this pent-up urge and drive augurs well 
for the ultimate solution of many of their parasitic disease problems. 





SYMPOSIUM ON HELMINTHIC INFECTIONS! 
Part VI 

Introducing the speaker, the Moderator said: One is often given to wonder 
why the potentialities of the great field of veterinary parasitology do not more 
frequently catalyze our thinking and indeed guide our actions in human para- 
sitology. I hope I am not ungenerous when I mention that the situation seems to 
be just the opposite. Outstanding exceptions like the Kilborne-Smith work on 
Texas fever transmission, and the Hall-Shillinger work on tetrachloroethylene 
perhaps prove the rule. 

There are indications that this may not continue to be true. In this connection 
I was much struck a couple of years ago by the cogency with which our next 
speaker had set forth certain of his ideas having to do with worm damage in 
livestock and methods of coping with it. His articles, it occurred to me, had 
probably been seen by few of you. So I asked him if he would be willing to pre- 
sent this type of analysis,—as a livestock raiser’s problem, mind you—for the 
benefit of what induced currents of thought they might give us. He has, I think 
two points of special interest. 


HELMINTH PRODUCTION IN LIVESTOCK: TONNAGE, 
CARRYING COSTS, AND CONTROL 


DONALD C. BOUGHTON 


E. 1. du Pont de Nemours & Company, Grasselli Chemicals Department, 
Wilmington, Delaware 


Helminths impinge upon so many aspects of human welfare and in such di- 
’ verse fashion that they must be studied from several vantage points. The rela- 
tively young science of parasitology (in which, perhaps, helminths feel most at 
home) is already, as Huff (1956) has pointed out, a conglomerate—involving 
such disciplines as systematics, natural history, physiology, biochemistry, 
immunology, treatment, and control. I venture to suggest that the principal 
viewpoints are: zoological, medical, and economic. 

It is the economic aspect of helminth infection with which I propose to deal 
here. An apostle of economic parasitology must draw freely from the teachings 
of the more fully developed zoological and medical branches. As an expression 
of gratitude for their contributions, it is possible that economic parasitology can 
offer a suggestion or two in return. 

Huff challenges us to name any general principles developed by the science 
of parasitology comparable to Mendel’s law in genetics or the law of mass action 
in chemistry. This I do not profess to be able to do, but from the background of 
research on parasites, I have created one upon which to establish the applied 
science of economic parasitology. The first law of parasitism is that parasites 
are parasitic. From this stem the economic sequelae. 


1 Held at the annual meeting of the American Society of Tropical Medicine and Hy- 
giene in New Orleans, Louisiana, November 1, 1956. 
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ANNUAL PRODUCTION OF HELMINTHS 


Let’s see what the economic parasitologist would do, for example, with as- 
carids of swine (Boughton, 1955a). He would first get the figure for swine in the 
United States—55 million—and, second, a conservative estimate of average 
parasite load—10 worms. Now he sharpens his pencil and loosens up his slide 
rule. Fifty-five million times ten is 550 million worms. At 10 grams per worm, 
we have over 12 million pounds of ascarids. This is a sizeable annual crop to have 
been produced by no special effort with ordinary swine rations. 

But our statistics-minded parasitologist is just getting warmed up. He re- 
calls that a happily-mated and well-fed female ascarid gives forth 200,000 eggs 
per day. Allowing a moderate reproductive period of 150 days for each of the 
175 million females, we get an annual production of eight and a quarter million 
billion eggs. Although a single egg weighs less than one ten-millionth of a gram, 
the yearly output comes to over 700 tons—or nearly three million 8-ounce cans, 
if we were to pack it like shad roe. This 700 tons of ascarid eggs annually, as a 
by-product of our swine industry, compares favorably with Stoll’s (1947) esti- 
mate of 18,000 tons produced by human infections in China, where host pop- 
ulation is greater and infection heavier. 

Consider now our 95 million cattle and their gastro-intestinal nematodes, the 
average infection being estimated at 1,000 parasites. It takes about 2,000 to make 
up the weight of one swine ascarid, but even so our annual crop of cattle worms 
comes to one million pounds. These bantamweights are prolific and shower our 
pastures with 180 tons of eggs annually. This same tonnage in chicken eggs would 
require the full production for one year of 15,000 modern, 200-egg hens—and 
500 tons of poultry feed. However, female worms, which have thus far not been 
bred for efficiency in egg production, are not as efficient as hens and require 
about 50 pounds of solids to produce a pound of egg. On this basis, female worms 
consume 9,000 tons of solids. Adding two-thirds as much for males gives 15,000 
tons. This tonnage in livestock feed would cost over one million dollars. 

To the 12 million pounds of ascarids and one million pounds of cattle worms 
may be added another half million pounds of small worms produced in swine 
and sheep, giving a total production of over 13.5 million pounds or approximately 
7,000 tons (Table 1). This annual tonnage falls between that of pomegranates 
and filberts (Table 2). If there were a market for these worms at, say, $340.00 
a ton, we would have a two to three million dollar business—which could be 
even larger if there were a special demand for their 1,000 tons of eggs. 


WORM LOADS AS AN ECONOMIC BURDEN 


These estimates on worm production are presented primarily to emphasize 
the magnitude of the dynamic, parasitic force with which the livestock industry 
must contend. There is, of course, little likelihood that a market will develop 
for internal parasites of any kind—less likelihood, indeed, than that commercial 
uses may be found for weeds. We are, however, less concerned with this produc- 
tion of parasites as a useless by-product of the livestock industry than with its 
drag on livestock production itself. Parasites can’t flourish in fallow fields. They 





HELMINTH PRODUCTION IN LIVESTOCK 457 


TABLE 1 
Estimated annual production of parasitic nematodes in the United States by specified host 
species 
Hosts Worm Production 
Number Per individual Total 
(millions) (grams) (pounds) 


Species 
Swine 5: 100.0* 12,114,000 
Swine : 1.57 182,000 
Cattle 9! 5.0T ,048 ,000 
Sheep : 5.0T 341,000 


Total - 3,685,000 


* Ascarids. 
t Gastro-intestinal worms other than ascarids. 


TABLE 2 


Annual production and value of miscellaneous agricultural products in the United States* 


Annual Production Value 


> 
Product (1,000 tons) ($/ton) 


Pomegranates 3 
Nemas. of livestock 6.8 
Filberts...... 7 
Avocados 20 
Sheep 847 
Cattle. 9,757 
Swine 10,090 
Milk 58,356 





* Data, except for nemas, from U.S. Agri. Research Service, 1954. Value indicates aver- 
age price received by farmers. 


must have our livestock as hosts. Because parasites are parasitic, this means 
that the tonnage of parasites discussed above is produced at the expense of the 
livestock industry. It’s all in the point of view: ““The nemas take their living / 
From the hosts that bear the cost / In slower growth and lesions, / Which are 
farmers’ dollars lost.”’ 

The second law of the applied science of economic parasitology is that injury 
inflicted by parasites is basically a function of the number of parasites (Bough- 
ton, 1955b). In general, heavy infections produce the clinical pictures described in 
text books, whereas lighter infections cause the host relatively little inconven- 
ience. In the latter case, however, production efficiency may be affected even 
though the host itself is relatively happy. 

Thus, in order to gauge the full impact of parasites, the livestock industry 
requires a sharpening up of the criteria by which we judge severity of parasitic 
infections. The classical division into sick and well, however suitable to the 
medical profession for diagnosis and treatment of disease, is unsatisfactory when 
applied to practical problems of livestock production, in which inefficiency in 
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production is of greater importance than sickness per se. It has been necessary, 
therefore, for the economic parasitologist to appropriate for his own use growth 
and feed efficiency, criteria long employed by the animal husbandman in re- 
search on livestock problems. 

About ten years ago Spindler (1947), using in this way the growth of young 
pigs infected with ascarids, demonstrated the correlation between host damage 
and parasite numbers. Under the conditions of his experiment, 12 worms de- 
pressed growth only slightly, whereas 109 worms resulted in a net loss of eight 
pounds at the end of the 126-day experimental period. From his data on in- 
fections of intermediate size (approximately 30 worms), it is possible to deter- 
mine that a pound of ascarid depresses pig growth to the extent of nine pounds. 
At this rate a farmer who undertakes to raise 100 pigs with 30 ascarids apiece 
will have at four months 525 pounds of pig and 75 pounds of ascarid. Without 
the worms, he could have produced 1,200 pounds of pig. This is a quantitative 
demonstration in production, of the well-known parasitological principle that 
parasites do more harm to their hosts than would be expected if they behaved 
simply as benign foreign protoplasm in competition with host tissues on a weight- 
for-weight basis. 

In recent years, field studies on multiple gastrointestinal, parasitic infections 
of cattle have demonstrated the relationship between parasitic loads and their 
measurable effects on the herd, with special reference to relatively light worm 
burdens (Boughton, 1955b). The experimental procedure is simple in design. 
A herd with mild parasitic infection but without outward evidence of parasit- 
ism is divided into two equal parts. One half is either given a single treatment or 
is given a treatment followed by a regimen designed to reduce reinfection. The 
other half is not treated and retains the original level of infection. The treated 
group now has the lighter parasite load and in most instances, proceeds to out- 
grow the untreated group. The difference in growth of the two host groups serves 
as a measure of the parasitic drag on the untreated group. When the extra gains 
in the treated group result in profit above the cost of treatment, the parasitism 
may be designated economically significant. 

Workers in the U. 8. Agricultural Research Service have estimated the losses 
due to livestock diseases and parasites (U. 8. Agricultural Research Service, 
1954). Their figures for losses attributable to helminths of swine, cattle, and 
sheep are given in Table 3, which shows the total annual loss from these para- 
sites as $227,672,000. When economic parasitology has had time to measure more 
instances of subclinical parasitism in terms of growth and feed efficiency, it is 
quite possible that some of these estimates will have to be increased. In the case 
of the gastrointestinal helminths of cattle, for instance, recent evidence indicates 
that the economic drag from relatively mild infection is actually very large, 
extra profits of $2 to $12 a head having been obtained through treatment of 
herds carrying only light worm burdens (Boughton, 1955b). 


PREVENTIVE CONTROL OF HELMINTHS 


To offset the economic loss from helminths, it has been necessary to include 
parasite control as an integral part of livestock raising. The control regimens con- 
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TABLE 3 


Annual losses from helminths of livestock* 





Loss of 
Cause of Loss Production Remarks 
($1,000) 


Swine 


Kidney wormsf.. 72,772 Includes $6.4 mil loss in meat 
Red stomach worms 10,476 
Ascarids f 49,814 Includes $0.4 mil. loss in meat 
Threadworms.. 25,912 
Whipworms teen eee 13,171 


Cattle 


Liver flukest 3,560 | Includes $1.8 mil. loss in meat 
Tapewormst 58 | Loss in value of meat only 
‘“‘Worm parasites’”’ 8,989 | Probably too low; see text 


Sheep 
‘Parasitic gastroenteritis”’ Excluding coccidiosis 
Animals 22,729 | 
Wool 4,568 | Includes some mortality losses prior to 
shearing time 
Liver flukest Includes $0.2 mil. loss in meat 
Lungwormst 
Animals 
Wool 456 Includes some mortality losses 


| 
| 


Nodular worms 
Animals oe Includes $0.5 mil. loss in meat 
Wool ,812 Includes some mortality losses 

Tapewormst ¢ Loss in value of meat only 


Total 


* Data from the U.S. Agricultural Research Service, 1954. 
t Not included in estimation of annual production of parasitic nematodes shown in 
Table 1. 





sist of various combinations of sanitary procedures, therapeutic treatments, and 
preventive medication. The important role of the latter will be emphasized in 
the following discussion on control. 

The third law of economic parasitology states that parasitism is essentially 
a disease of the herd as a whole. This applies especially to helminth infection in 
livestock and accounts for the emphasis that must be placed on prevention on 
the herd basis. 

In most instances helminths do not multiply in their hosts. They merely grow 
to maturity. Severity of infection, therefore, is correlated with the number of 
invading larvae. Only when the host is exposed to large numbers of the latter 
at one time can a “disease crisis’? develop promptly in that individual host. 
Otherwise, only a mild struggle between worm and host occurs; maximum de- 
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fensive response is not evoked, the host remains susceptible to further infection, 
and the parasites shed their progeny into the host’s environment. Parasitism, 
then, may build up in the herd or flock to the point of clinical outbreaks in much 
the same manner as pathogenic bacteria and viruses engender disease crises in 
single animals. 

Low-grade helminth infections thus have economic significance not only be- 
cause of their immediate drag on production but also as evidence of more serious 
trouble impending in terms of clinical outbreaks. They represent an incubative 
stage of herd disease, which is often prolonged sufficiently to allow time for 
instituting preventive measures. 

Speaking of parasitism as a herd disease rather than one of individual ani- 
mals, Foster (1956) says, ‘‘Measures to control parasites are effective therefore 
only if applied to a whole herd or flock as though it were but a single animal.” 
It is practically useless to treat only the obviously sick animals in a parasitized 
herd. Furthermore, the likelihood of immediate reinfection may nullify the antic- 
ipated benefit from even therapeutic treatment of the entire herd. Recognition 
of the role of mild infections makes one aware that probably even the best of 
control regimens—which may fall short of elimination of parasites—may give 
us only a state of suspended, low-grade incubation of parasitic disease. Vigilant 
prevention is our best practical answer. 

In the late 1930’s and early ’40’s, veterinary parasitologists discovered the 
suppressive effect of small daily doses of phenothiazine against the eggs and 
larvae of the economically significant nematodes of sheep and goats, horses, and 
cattle. It was soon found that sheep on pasture will voluntarily consume suffi- 
cient quantities of a suitable mixture of phenothiazine and salt to give reason- 
ably effective control of their gastrointestinal worms. Regimens involving free- 
choice medication by means of salt or mineral mixes or daily “‘doses’”’ in the feed 
are in wide use today in the livestock industry. The suppressive activity of 
phenothiazine is being utilized to prevent build-up of parasites and thus to re- 
duce the hazards from reinfection. 

From the technical point of view, it is of interest to note that the preventive 
activity of phenothiazine is not that of a prophylactic drug in the strict sense. 
When given daily at low levels, its chief activity is against the post-adult rather 
than the invading stages of the parasite. It is prophylactic after the fact of first 
infection. In lieu of a good, truly prophylactic drug, however, this “posterior 
preventive” has been put to good practical use. 


SPECULATION 


It has long been my contention that the authors of technical papers are often 
remiss in not giving vent to the thoughts their own studies and reviews have 
stimulated in themselves. Notwithstanding the desirability of objectiveness in 
science and the premium placed on brevity, I contend that it may often do more 
good than harm to look a bit beyond the facts at hand. All that is needed is an 
honest subtitle for the speculative paragraphs and a mutual recognition by 
author and reader of the theoretical potential from cross-fertilization of ideas. 
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It seems to me that, under pressure exerted by economic considerations, the 
development of parasite control in the livestock industry has highlighted several 
points of possible interest to the medical profession. Among these are the follow- 
ing: 

1. Mild parasitic infection is of greater practical significance when production 
is the chief consideration than when health in the usual sense is the major concern. 

2. Growth and efficiency, therefore, take their place alongside clinical signs 
and laboratory tests in the study of parasitism. 

3. Prevention plays an important role in the livestock industry, which is under 
ever-increasing pressure to produce with greater and greater efficiency. 

4. Prophylactic drugs have a prominent place in practical regimens for con- 
trolling livestock parasites. 

5. Lacking a prophylactic drug effective against the invading parasitic stages, 
effective use can be made of one active against the post-adult forms, i.e., the 
eggs, embryos, and newly hatched larvae. 

6. Phenothiazine by qualifying as such a “posterior preventive” has increased 
its usefulness many fold, and it should now be reexamined for new applications 
in the light of its potential as a prophylactic. 

With these points in mind, my thoughts drift to two nonagricultural parasitic 
problems, namely (a) the ubiquitous infections of canine hookworm in dogs and 
their potential for aberrant infection of children, and (b) the 18 million human 
pinworm infections in Northern America (Stoll, 1947). Here are two parasites 
affected by phenothiazine but against which the drug cannot be applied thera- 


peutically with complete safety. The possibilities of prevention by small daily 
doses, however, may bear investigating as the medical profession pushes further 
and further toward the counterpart of production efficiency in their patients— 
peace of mind and happiness above and beyond mere health. 
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DISCUSSION OF DR. DONALD C. BOUGHTON’S PAPER 
AUREL FOSTER 


Parasite Treatment Section, ADP, USDA Agricultural Research Center, 
Beltsville, Maryland 


In 1954, the Department of Agriculture estimated that parasites are respon- 
sible for about forty per cent of the total animal disease and parasite loss at the 
farm level in the United States. A loss exceeding one billion dollars annually was 
ascribed about equally to internal and external parasites. This estimate did not 
take into account costs for research, treatment and corrective measures, inspec- 
tion, quarantine, eradication or intangible losses through devaluation. Nor did 
it allow for the kind of loss emphasized by Dr. Boughton—the cost from hel- 
minth production. It would be reiteration to go further into these aspects. 

I subscribe to all that Dr. Boughton said, and feel constrained to reemphasize 
a few points — the reference to principles (already emphasized by Clay Huff), 
his own “laws of parasitism,” and the matter of honest speculation in scientific 
reports. 

Probably the great need in parasitology, as in many sciences, is less concern 
about applied problems and more about the development of principles. We do 
not necessarily seek concepts as revolutionary to biological science as those of 
Mendelian inheritance, organic evolution, or cell structure. We would settle for 
a principle as presently ignominious as the germ theory of disease, and parasi- 
tologists would stand in awe before any practices as fashionable as vitaminization, 
flouridation, tranquilization, or reducing. 

Boughton’s “laws of parasitism’ deserve serious consideration. They will not 
be revolutionary in biological science until parasitology comes of age. The first 
law means that parasites are bad; the thesis is applicable to all parasites until 
their unlikely evolution as economic commodities. This law shows clearly our 
position regarding parasites of “unproved” pathogenicity, whose control we in- 
excusably neglect. The other laws are self-evident. 

Regarding speculation by scientists, a basic consideration is economic. Sci- 
ence wants the facts! Editors know this, and perhaps too well. It fits their prob- 
lem of publication costs. I seriously doubt, however, that any editor rules against 
meaningful consideration of a scientist’s findings, or marshalling of data to 
support a significant interpretation, or even a pertinent conjecture. Editors 
certainly would want it emphasized, however, that we are speaking of the prod- 
duct of sound facts and creative thinking. In this connection, let us not under- 
mine science with the confusing, creeping concept that the truth is made. Frankly, 
I do not know whether it takes fifty pounds of solid worm food to produce one 
pound of worm eggs! Science requires something more than that which cannot 
readily be refuted; assertions must be proved, which is, of course, fully recog- 
nized by Dr. Boughton, yet seems to be a point worthy of emphasis. 
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Finally, we have come to the realization that the loss that is suffered is not 
more challenging than the underlying, unsolved problems of parasitism. This 
realization is at once an indictment of our customary approaches to problems of 
parasite control and a recognition of the fact that sound measures against para- 
sites can come only from a fullness of knowledge. The general awakening of 
interest in economic parasitology, of which Dr. Boughton is a principal apostle, 
cannot but augur the dawn of a better day if these simple truths are borne in 
mind. 





SYMPOSIUM ON HELMINTHIC INFECTIONS! 
Part VII 


Introducing the speaker, the Moderator said: In my introduction I spoke of 
the need of understanding worms better. With the current development of a 
more truly experimental helminthology, it seemed to me this symposium would 
be remiss in its opportunity if it did not include at least a few reports illustrative 
of the more recent approaches to such understanding. One such, on this occasion, 
should surely come from the Department of Biology of The Rice Institute. 


THE ACTIVE ABSORPTION OF CERTAIN METABOLITES BY 
HELMINTHS? 


JACK W. DAUGHERTY 
The Rice Institute, Houston, Texas 


The relationship between the parasite and its host is essentially an ecologi- 
cal problem. Unlike most ecological problems, however, where the forms, which 
contribute in such an ill-defined manner to the environment of each other, may 
be separated by an appreciable and variable space, the problem of the host- 
parasite relationship is usually one of an intimate association in which the effects 
of each on the other are more nearly direct and, perhaps, far more complicated. 
It is, therefore, inconceivable that any rational thought could be given to the 
physiology, biochemistry, or any other aspect of a parasite’s existence without 
adequate consideration of its host and their interrelationship. This has been 
adequately demonstrated by many experiments involving such host variables 
as nutrition, hormone balance, and host type, where even the physical character- 
istics of the parasite may be altered (Kuntz and Chandler, 1956), as well as the 
physiological (Daugherty, 1955). Unfortunately, this necessity for including the 
two animals in the study of the one imposes difficulties on the investigation of 
any facet of parasitic life. The very success of experimental research in parasite 
physiology is often endangered by the frequent inability, not only to apply con- 
ventional quantitative techniques to these animals, because of differences from 
the more biochemically familiar mammalian forms in their basic chemistry, but 
also, and possibly more importantly, the inability to obtain reproducible results 
by different investigators, particularly where differences exist between host 
strain, age, and sex; degree of infection; age of infection; food and caging con- 
ditions; and so on. An example of this is the recent work reported independently 
by Read (1956) and Daugherty (1956) on glycogenesis in the rat tapeworm, where 
different host strains and levels of infection, with possible differences in food, 
age of infection, and so forth, undoubtedly contributed to the quite dissimilar 
results. 

1 Held at the annual meeting of the American Society of Tropical Medicine and Hy- 
giene in New Orleans, Louisiana, November 1, 1956. 

2 This investigation was supported (in part) by Grant E-374(C2), National Institutes 
of Health, Public Health Service. 
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It has been the necessity of perceiving, understanding, and controlling such 
experimental inadequacies that has been instrumental in stimulating some 
workers to study the conditions (of both host and parasite origin) that establish 
the chemical composition of the parasite and determine the activity of its various 
metabolic systems. The present consideration of this subject will be restricted 
to but a single aspect of the subject: the mechanisms for the absorption of certain 
metabolites by cestodes. Some carry-over to other forms may be possible. 

In this regard there can be little doubt that the intestinal environment con- 
tributes considerably to the level of concentration of most compounds in the 
body of the cestode, although the worm’s own pattern of metabolism is un- 
doubtedly also quite important in a regulatory sense. From this intestinal en- 
vironment a large number of substances are taken into the worm by the mecha- 
nism of simple diffusion, the extent and nature of the substances in any particular 
region of the worm being a function of such factors as concentration gradients, 
the local permeability of the external membranes of the worm (Goldberg and 
Nolf, 1954), and the surface-to-volume ratio of the region. The general opinion 
in the past has been that ingestion in cestodes is carried on exclusively by such 
a process of simple diffusion. Read’s (1955) recent demonstration of the presence 
of external villi in the integument of the tapeworm suggests that this structure 
is not a simple enveloping sack but is rather an active organ, possibly with 
specific functions. His findings were very timely, for when viewed in this sense, 
they were of aid in the evaluation of certain studies on permeability and ab- 
sorption that had been made in this laboratory. Thus, it may be that while all 
of the physical factors must be adequately considered in ascribing cause to the 
chemical make-up and physiology of the cestode, the possibility of a more dy- 
namic factor cannot be ignored, the active transport of metabolites resulting 
from the active participation of the worm in the ingestion process. 

Some evidence for the active transport of L-methionine (S* labeled) by the 
cestode, H. diminuta, will be presented elsewhere (Daugherty, in press). In 
this report it is demonstrated that the effects on the absorption of methionine 
of altering the temperature of an in vitro incubation medium far exceed the 
expected result that might be anticipated if diffusion alone were involved. Com- 
parable results were not obtained by similar studies on certain other animal 
tissues nor did the absorption of Na”Cl, or, more recently, C-14 sodium acetate, 
by the cestode respond to the temperature changes in the same manner. In both 
of the latter series of experiments the temperature effect quite closely approxi- 
mated that obtained from a theoretical calculation of the effects of temperature 
on physical diffusion (Hober, 1954). Chromatographic radioautograph studies 
and analyses of the protein fraction of the worm showed that the activity being 
determined was due almost entirely to free methionine in the tissues of the worm. 
It was thus apparent that methionine uptake, per se, was involved and that the 
level of activity in the worm was not due to any complicated interconversion 
mechanisms in the worm’s tissues. More recently the studies have been extended 
to the absorption of cystine and competition experiments have been set up using 
different amino acids as a means of obtaining further information concerning 
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the metabolic nature of the absorptive processes in cestodes. These studies make 
up the bulk of the present report. 

Mature H. diminuta, raised from two cysticercoid infections in male Sprague- 
Dawley rats (140-180 grams), were harvested by conventional methods and were 
thoroughly washed in Tyrode’s, isotonic to such tissues, before being blotted 
and weighed. They were then incubated for 15 minutes in various media as 
described below for each type of study. The basic constituent of the media con- 
sisted of an isotonic Tyrode’s solution. To this was added ca. 0.5 microcurie of 
either S-35 L-methionine or 8-35 L-cystine. Following each of the incubations 
the worms were removed from the test media and were thoroughly rinsed in 
Tyrode’s until the last rinse solution showed no discernible radioactivity (usually 
8-10 changes). The worms were then stretched on filter paper, kept slightly 
moistened, and exactly 25 mgm. of the anterior portion removed to stainless 
steel planchets for overnight digestion in conc. HNO;. The digestates were then 
dried under infra-red lamps with constant agitation to give a smooth counting 
surface. Corrections were made for self absorption, and decay following deter- 
minations of radioactivity in a microwindow flow counter. 

On extending some of the earlier observations in methionine absorption to 
cystine, certain basic experiments were repeated. The result of low temperature 
variations on the uptake of cystine is shown in Table 1. These results, as in the 
case of the methionine uptake studies, showed a temperature effect far greater 
than that obtainable with the use of substances less likely to be absorbed by 
active means, Na”Cl (Daugherty, 1956) and C-14 acetate (Warren and Daugh- 
erty, unpublished observations). It may be pointed out that in these experiments 
as in many others involving separate worms, frequently from different hosts, 
although all known precautions were taken, the individual results varied over a 
considerable range which was not necessarily constant with each experimental 
procedure. However, in no case was this sufficient to interfere with the interpre- 
tation of the results. Added to the other data, in fact, this variation from worm 
to worm is in itself suggestive that the uptake mechanism may not be a simple 
physical process. 

Several experiments were run to assure that the radioactivity being measured 
was still in the original form of free cystine. In these, tests were made on the free 
amino-acid fraction and the protein fraction of the worm. Although at 38°C. a 
small amount of activity was detectable in the protein (less than 5 per cent of 


TABLE 1 
Uptake of cystine (S*5 labeled), NaCl, and C™ labeled acetate by animal tissues 








H. diminuta Cystine (0.5 4c) | 2,200 cts./min./w.wt. 33,400 cts./min./w.wt. 

H. diminuta NaCl (186,000 8,420 cts./min./w.wt. 16,142 cts./min./w.wt. 
cts./min) 

Rat diaphragm Cystine (0.5 uc) 4,250 cts./min./w.wt. | 7,100 cts./min./wt. 

H. diminuta | Acetate (1.0 ue) Below background | Below background 


' 


Tissue Compound | 0° Uptake 38° Uptake 
| 
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the total), it was insufficient, as in the case of methionine, to suggest that any 
of the observed results stemmed from conversion activities inside the worm 
rather than from uptake phenomena. Also, as in the case of methionine, it was 
found that the changes in temperature were as effective on the passage of cystine 
out of the worm into a stable Tyrode’s solution following pre-incubation in the 
radioactive medium, as on the uptake. As was pointed out earlier, this suggests 
a reversible system, but one whose activities would, because of the rapid ex- 
change, still provide the worm with adequate amounts of any physiological sub- 
stances moved by such means. 

The results described thus far were considered less than conclusive evidence 
of active participation of the tapeworm integument in the absorption process. 
The fact that both methionine and cystine had reacted alike to the different 
experimental conditions suggested the possibility that perhaps there were com- 
mon absorptive processes for, if not all, at least certain groups of amino-acids. 
If true, the addition of any amino-acid of the same group as methionine should 
by competitive inhibition reduce the uptake of methionine, particularly in 
short term experiments. Accordingly, L-alanine and stable methionine were 
added, together and separately, with varying final molarities, to the basic in- 
cubation medium containing radioactive methionine. The earlier incubation 
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Fig. 1. The effects of stable methionine, alanine, mixtures of stable methionine and 


alanine, and glycine, serine, valine, and lysine on the uptake of S**-labeled methionine 
by H. diminuta. On the abscissa, each bar in each group represents a different final mo- 
larity of added compound. On the ordinate, radioactive counts (in thousands) per minute 
per gram fresh tissue. 
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Fia. 2. Effects of alanine, glutamic acid, aspartic acid, and alpha-keto glutaric acid on 
the uptake of S**-labeled methionine by H. diminuta. Coordinates as in Fig. 1. 


and counting procedures were duplicated. The results are given in Fig. 1. It will 


be noted that no difference was discernible between the effects of the two com- 
pounds on the uptake of the radioactive methionine. 

Although no variation was allowed in the total volumes of the incubation 
media, there still remained the possibility of an effect comparable to ionic di- 
iution or interference on the addition of the alanine. Therefore, the effects of 
other amino-acids were studied in the hope that this doubt could be resolved. 
The results are shown in Figs. 1 and 2. Valine, serine, lysine and glycine all 
approximated alanine in their effect. However, no inhibition of methionine up- 
take was obtained with the inclusion of aspartic acid or glutamic acid in the 
incubation mixture. The alanine effect is repeated for comparison. This difference 
would seem to effectively eliminate the possibility that the earlier effects 
of alanine, or that those of valine, serine, lysine, or glycine, were the result 
of such a simple physical process as dilution or ionic interference. On the 
contrary it would appear that the absorptive mechanisms in this cestode may 
be quite complicated. The difference between the effects of the neutral amino- 
acids and aspartic acid and glutamic acid suggested that the dibasic nature of 
the latter two may have contributed to the results in some way. A preliminary 
check with a nonamino-acid dicarboxylic acid, alpha-ketoglutaric, was found to 
give similar results (Fig. 2); however these findings are currently being checked. 

Extensions of these studies to the absorption of S-35 cystine were made for 
purposes of comparison as well as confirmation, since these two substances appear 
to be similarly treated by the tapeworm. The similarity in the mechanisms of 
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Fia. 3. Effects of added amino-acids and alpha-ketoglutaric acid on the absorption of 
S*5-labeled cystine by H. diminuta. Coordinates as in Fig. 1. 
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their absorption is apparent from the data given in Fig. 3. It will be noted that 
not only methionine, but also two of same amino-acids that were effective in 
inhibiting methionine uptake, were equally effective in reducing cystine ab- 
sorption. Further evidence of the similar nature of the absorption mechanisms 
for methionine and cystine also appears in Fig. 3 in that it will be noted that 
again aspartic acid and glutamic acid were not capable of effecting cystine up- 
take, as were alanine, valine, or methionine. The effects of alpha-ketoglutaric 
acid on cystine uptake were similar to those on methionine uptake. 

From these results it appears at present that there may be at least two dif- 
ferent mechanisms for the active absorption of amino-acids, one for the neutral 
amino-acid, the other for the dibasic. The nature of these, if they truly exist, is 
not yet apparent. In this regard, studies are currently being carried out to test 
further the metabolic nature of absorption in cestodes. These involve, in part, 
the use of metabolic inhibitors and intermediates in a search designed to show 
that the absorption of certain compounds by H. diminuta is an energy-consuming 
process, and further to disclose the immediate sources of the energy. In addition, 
an extensive study on the absorption of glucose, fructose, galactose, and certain 
fatty acids is being made. 
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DISCUSSION OF DR. JACK DAUGHERTY’S PAPER 
CHAUNCEY G. GOODCHILD 
Department of Biology, Emory University, Georgia 


These brief remarks are made not from the viewpoint of the biochemist, but 
rather from the genera] biological implication of the work of Dr. Daugherty and 
others. 

In 1950 Geiman and McKee published a review article on the protein metabo- 
lism of helminths (J. Parasitol. 36: 211). I was amazed, when I reread their paper 
recently, to realize how much this field of helminth physiology has advanced in 
the six intervening years. We have really entered into the log phase of growth in 
nutritional studies. Early pioneers, whom I need not specifically mention since 
names like Ackert, Chandler, von Brand, Bueding and Moulder leap instantly 
into everyone’s mind, contributed greatly to the inception of this work. These 
and current workers such as Smyth, Hopkins, Read, Daugherty and others have 
given us fundamental insights into the modus operandi of helminth metabolism. 

These studies may all be briefly summarized to state that helminth parasites 
are animals, with the usual animal enzyme systems, metabolic pathways, pre- 
cursors, intermediates, and end products. We see in operation here the usual 
phosphorylations and transphosphorylations, the same energy-rich ATP, and 
ADP interchanges, the same transaminations, decarboxylations, dehydrogena- 
tions, etc. that are uncovered routinely in vertebrates, yeasts and other organ- 
isms. There is little that is unique about the broad metabolic pathways of 
helminths. It is true that they often fail to show the same kinds or amounts of en- 
zymes or energy-storage mechanisms, but these differences in details are also 
uncovered in the same tissue in different vertebrate organisms, e.g., skeletal 
muscles of frog and mammal, or in different tissues in the same organism, e.g., 
striated muscle and liver. 

The carbohydrate-degrading pathways in helminths are rather well known 
and follow the Embden-Meyerhof sequence; in Hymenolepis Diminuta some tri- 
carboxylic acid cycle enzymes have also been reported (Read, 1952, Exp. Para- 
sitol. 1: 353). Protein metabolic pathways, on the other hand, are as confused in 
parasitic helminths as they are in most other forms. Many isolated bits of infor- 
mation have been published, but these have not yet been synthesized into a 
coherent story. Daugherty et al. (1952, Exp. Parasitol. 1: 331; 1954, Exp. Para- 
sitol. 3: 173; and 1955, Exp. Parasitol. 4: 455) have studied the intermediary 
metabolism of proteins in helminths. Among other things these authors have 
shown that transamination occurred in H. diminuta, and that transaminase 
activity in castrated male rats was altered in host and parasite. This is one of 
the first linked host-parasite biochemical interactions. 

In the paper just presented Dr. Daugherty gives additional facts of impor- 
tance in the selective uptake and loss of metabolites. His most interesting sparing 
effects of amino acids, for example that between cystine and methionine, paral- 
lels work suggested but not yet fully reported by Rose and Wixom (1955, J. 
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Biol. Chem. 216: 763). Rose and Wixom showed that cystine could replace 80 
to 89 per cent of the minimal methionine needs in human beings. I cannot pre- 
sume to give the significance of these facts in tapeworms, but they may suggest 
the as yet unproved essential role of these amino acids in tapeworms and their 
possible interconversion as in vertebrates. It would be illuminating for Dr. 
Daugherty to test similar uptake and competitive effects of ketogenic amino 
acids such as leucine and isoleucine or phenylalanine and tyrosine. Those he 
has reported are all glucogenic and their selective absorption may reflect an 
important future deaminized role in metabolism. The theory of the dual uptake 
role of the cuticula of H. diminuta is intriguing and may indicate a striking com- 
petitive difference between parasite and host mucosa. 

The intricacies of protein metabolic pathways in helminths constitutes a 
challenging gordian knot to parasitologists. Furthermore, it is doubtful that 
anyone will cut through the knot Alexander-like with one bold stroke. Rather 
each component knot will demand separate, tedious untying. I am grateful that 
Dr. Daugherty’s nimble fingers are already busy with this task. 





SYMPOSIUM ON HELMINTHIC INFECTIONS! 
Part VIII 


Introducing the Speaker, the Moderator said: Our next report is illustrative 
of a quite different facet of understanding of the penetrating helminths, and is 
one involving quite different experimental technics to examine host reaction 
as well. 


THE COLLAGENASELIKE ENZYMES OF 
SKIN-PENETRATING HELMINTHS? 


ROBERT M. LEWERT anp CHANG-LING LEE 
University of Chicago, Department of Microbiology 


Our presentation might more accurately be titled a brief summary of studies 
on the mechanisms involved in penetration of tissues by helminths, rather than 
the collagenaselike enzymes of skin penetrating helminths. The latter is a 
significant portion of the broader study, and the title serves to limit this dis- 
cussion. Throughout the course of our investigations we have utilized a variety 
of tissue-penetrating helminths (Lewert and Lee, 1954; 1955), but for the sake 
of brevity we will present material primarily on the activities and characteristics 
of schistosome cercariae, with some comparisons of these activities with those 
of the infective larvae of Strongyloides. To date, our investigations have developed 
through five relatively distinct but interdependent phases which include: histo- 
chemical studies of the extracellular changes caused by penetrating larvae; the 
effect of the physiological state of the host on the extent or degree of these 
changes; qualitative studies of the nature of the enzymes causing these changes, 
presumably related to the penetration mechanism; quantitative studies of the 
collagenaselike enzymes; and finally, studies on the antienzymatic activity of 
serum from individuals infected with Schistosoma mansoni. 

The histochemical phase which initiated these studies was in part stimulated 
by the advances in our knowledge of the acellular constituents of connective 
tissue (Gersh and Catchpole, 1949; Gersh, 1952). Particularly applicable to 
investigation of parasitic infections was the development of techniques for the 
study of the state and changes in state of polysaccharide-containing protein of 
the basement membrane and ground substance of the dermis. During their brief 
and often rapid passage through the skin, the infective larvae must traverse the 
nonliving stratum corneum, the cellular layers of the epidermis, and the extra- 
cellular barriers presented by the basement membrane and ground substance of 

1 Held at the annual meeting of the American Society of Tropical Medicine and Hy- 
giene in New Orleans, Louisiana, November 1, 1956. 

2 These studies have been in part supported by research grant G-4056 from the National 
Institutes of Health, U. S. Public Health Service, in part under the sponsorship of the 
Commission on Parasitic Diseases, Armed Forces Epidemiological Board supported by 
Office of the Surgeon General, Department of the Army, and in part by grants from the 
Dr. Wallace C. and Clara A. Abbott Memorial Fund of the University of Chicago. 
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the dermal connective tissue. The basement membrane, found just below the 
stratum germinativum, is a continuous, optically homogenous, non-fibrillar 
sheet. It is considered to be continuous with the acellular ground substance of 
the dermis. Many infective larvae have no obvious mechanical means of effecting 
entrance, but they do possess glandular structures which have been cited by 
various investigators as probable sources of secretions which aid in penetration. 
Assuming that there would be a softening of these acellular materials with 
formation of soluble products if parasite enzymes were acting on these substances, 
we have utilized histochemical methods for the preservation and visualization of 
these products. It is not possible to go into the details of techniques and methods 
previously reported (Lewert and Lee, 1954; Gersh and Catchpole, 1949); it is 
sufficient to say that the Hotchkiss technique, used with proper controls, iden- 
tifies polysaccharide-containing protein. It has been suggested that the intensity 
of the staining reaction is related to the state of polymerization or aggregation 
of this glycoprotein. Changes in this state of the nature of a depolymerization 
can be brought about by various enzymes and can be detected as loss of material 
and a decrease in staining intensity. An important adjunct to this first method 
is the Evans-blue technique. When introduced intravenously this stain has an 
almost diagnostic affinity for the areas of formation of water-soluble, alcohol- 
insoluble, carbohydrate-containing protein. Normally, little Evans blue is bound 
by the ground substance. In general, where an enzyme is acting on a Hotchkiss 
positive substrate, we can expect to find deeper staining with Evans blue. During 
skin penetration by S. mansoni or Strongyloides ratti, alterations of the basement 
membrane and ground substance occur, as shown by the Hotchkiss stain for 
polysaccharide-containing protein. The basement membrane disappears prior 
to actual entrance of the cercariae into the dermis and the ground substance 
becomes pale about the cercariae as they enter the dermis. In addition, as these 
larvae penetrate the skin Evans blue is bound at the site of penetration as the 
acellular ground substance and basement membranes become more soluble. 
From these and related histochemical studies, we have concluded that profound 
alterations of the extracellular glycoprotein-containing material of the skin, 
notably the basement membrane and ground substance, accompany penetration 
by schistosomes and by Strongyloides. The larval secretions cause a disappearance 
of the basement membrane at the site of penetration, the formation of water- 
soluble glycoprotein in the dermal ground substance, and an increase in free 
water of the ground substance. 

The second phase of these studies was suggested by the evidence that the 
acellular elements of the connective tissue show degrees of polymerization or 
organization that vary with age, growth, and other factors. Under certain 
conditions, they become more highly polymerized and more resistant to change. 
Because of this it seemed possible that the host acellular substances might vary 
in their resistance to penetration by helminth larvae. This was found to be the 
case and two of these conditions will be considered here. The acellular substances 
of dermal connective tissue become more highly polymerized with age, as judged 
by the Hotchkiss technique. Penetration of the skin by schistosome cercariae 
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and by Strongyloides in young mice and rats was compared directly with that in 
older mice and rats using histochemical methods. In the older animals the 
penetrating larvae were less able to cause alterations in the basement membrane 
and ground substance. These acellular constituents, by virtue of their change of 
state, offered a more effective barrier, and penetration was significantly inhibited. 
Many larvae were unable to penetrate the dermis in old animals, although in the 
same period of time they had left the dermis and passed into the circulatory 
system in younger animals. Age immunity, or increased nonspecific resistance 
with age, has been reported for numerous infections including those of parasitic 
helminths. We interpret the increasing effectiveness with age of the acellular 
barrier as an important factor in age immunity. This does not rule out the 
possibility that age resistance could also be due to the exposure of older animals 
to antigens related to those possessed by the organisms, giving rise to non- 
specific antibodies inhibiting penetration. However, this cannot be a factor in 
the following case. In young hypophysectomized rats the basement membrane 
becomes thickened and more highly polymerized like that of an aged individual. 
Penetration in normal and hypophysectomized young litter mates was compared 
and it was found that the effects seen in aged rats were duplicated or even more 
apparent in the hypophysectomized animals. Many larvae were unable to pass 
the basement membrane and those that were capable of doing so took a much 
longer time to alter the acellular connective tissue barriers. 

The third phase of this study was an attempt to identify the type of enzymes 
possessed by the infective larvae of helminths causing the changes in the skin 
which we have just briefly discussed. These changes closely parallel those known 
to be associated with the presence of collagenaselike enzymes and we first tried 
to determine whether qualitatively this resemblance had any validity. Living 
larvae of both S. mansoni and S. ratti and their extracts were found to have 
enzymatic activity similar to that of Clostridium welchii collagenase. For example, 
they are capable of digesting a thin gelatin film, and can act on azodye-bound 
collagen substrates, such as azocoll, to release dye to solution. The ability of these 
organisms and their extracts to release dye from azocoll provided us with an 
accurate, sensitive tool for the further quantitative studies which constituted the 
next step in this series of investigations (Lewert and Lee, 1956). 

Enzymatic activity was measured photometrically as dye released from 
azodye-coupled collagen-containing substrates and also as hydroxyproline re- 
leased as amino acid or in polypeptides from collagen substrates. The activity 
of the helminth-derived enzymes is directly proportional to the number of 
organisms present in the test systems used, or to the dry weight of organisms 
from which the aliquot of enzymes has been extracted. This activity increases 
with incubation at 37°C. but is destroyed by heating to 60°C. The optimal pH 
of the enzyme of S. mansoni is near 7.5, while that of S. ratti is in the vicinity of 7. 
The enzymes of the two helminths differ in their degree of sensitivity to various 
metal ions tested ; however, both helminth enzymes are inhibited by mercury and 
copper and slightly activated by calcium and magnesium. Agents binding 
sulfhydryl groups inhibit the activity of the enzyme derived from S. mansoni 
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but have little effect on that of S. ratti. The latter is more sensitive to chelating 
agents and sulfhydryl-containing compounds than is the cercarial enzyme. In 
contrast to trypsin, and like bacterial collagenase, both helminths’ enzymes are 
active on cartilage and neither is affected by the presence of specific trypsin 
inhibitors. When compared to bacterial collagenase, the activity of the helminth 
enzymes on native collagen in vitro is slight, although in vivo activity against 
collagen-containing tissues of the host is marked. Even though there are many 
points of similarity it is apparent that the larvae of S. mansoni and S. ratti 
possess proteoiytic, penetration enzymes that differ not only from each other but 
also differ from bacterial collagenase and trypsin with which they have been 
compared. 

The last phase of this investigation was a study of inhibitors of cercarial 
enzymes (Lewert and Lee, in manuscript). In addition to the usual inhibitors 
tested, the ability of various heat-treated serums to inhibit S. mansoni enzyme 
was examined. Normal serums and serums from various infected animals, at 
1: 1,000 dilution, activated the toxin of Clostridium welchii, completely inhibited 
trypsin, and slightly inhibited the enzyme of S. mansoni. Human serum at 
1:1,000 dilution, heated at 56°C. for 30 minutes, had little effect on the S. 
mansoni enzyme’s ability to release dye from azocoll. Similarly treated serum 
from infected individuals inhibited partly, and sometimes completely, the 
activity of the enzyme. In a series of 60 serums examined for their ability to 
inhibit enzyme activity, the inhibition averaged more than 30 per cent and was 
statistically highly significant when compared with normal serum controls. 
Within this group some inhibited the activity of the enzyme as much as 70 per 
cent, whereas others inhibited activity only slightly. In a study of one of these 
serums which inhibited dye release about 60 per cent at the 1:1,000 dilution, 
we found, after fractionation by starch electrophoresis, a slightly greater amount 
of beta- and gamma-globulin than in our normal serums. The inhibitor of the 
enzyme occurred roughly in the same area as the more rapidly migrating alpha- 
globulin, and approximately 214 times as much inhibitor was present in this 
immune serum as in the normal serums tested. It is interesting to note that the 
serum trypsin inhibitor was much more widely distributed throughout the various 
serum fractions. Its expected maximum should also be close to that of alpha- 
globulin. It appears from this that a heat-stable inhibitor is present in both 
normal and infected individuals which is antagonistic to the cercarial enzyme. 
The inhibitor increases in amount after infection, is distinct from serum trypsin 
inhibitor, but like it, is found in the region of the rapidly moving alpha-globulins 
rather than with the beta- or gamma-globulin fractions. The nature of the in- 
hibitor is not known and from these data it cannot be assumed that the inhibitor 
is alpha-globulin. The possibility that it is a nonspecific factor associated with 
infection and/or tissue destruction has been partially explored with negative 
results to date. In a series of some 60 infections examined by these methods, no 
correlation between enzyme inhibition and age, sex, therapy or other factors 
has been found. 
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DISCUSSION OF THE PAPER BY DOCTORS LEWERT AND LEE 
R. E. THORSON 
Research Division, American Cyanamid Company, Pearl River, N. Y. 


Doctors Lewert and Lee should be congratulated for the very fine and detailed 
work represented by their necessarily brief presentation. Their work illustrates 
the utility of a many-sided attack, particularly when any one line of evidence 
may not by itself be capable of giving definitive conclusions. It also illustrates 
how a study of skin penetrating mechanisms in helminths, imaginatively pursued 
can illuminate some of the mechanisms of age and acquired immunity. 

Like all new work, it raises further questions. Thus, the histochemical approach 
as a tool in studying helminth infections is very rewarding, but it would also be 
of great interest to know which of the anatomical structures of the worms are 
responsible in this case for the enzyme production. We have been able to show 
this with the adults of the dog hookworm by dissecting out various structures 
and testing saline extracts of them for physiological activity. At present, there 
is little information of this nature available on skin penetrating nematode larvae. 
Isolation of structures and assay of their physiological function in larvae will 
be difficult, but not impossible, particularly with the microanalytical procedures 
now available. 

Doctors Lewert and Lee have indicated the presence of enzymes active against 
polysaccharide-containing protein which function in penetration. It is certain 
that they do not exclude the possibility that other enzymes may also play a 
role in penetration. 

The ingenious demonstration that the ‘‘increased effectiveness of the acellular 
barrier” in older animals is “‘an important factor in age immunity” is a funda- 
mental contribution. This has been an often postulated, but rarely so well 
demonstrated facet of age immunity. A careful study of this and other physio- 
logical factors in age immunity is certainly indicated. 

Another point that should be carefully considered is that characterization of 
these enzymes as different from bacterial collagenase, trypsin and each other on 
the basis of pH optima, ion effects and substrate specificity is not completely 
adequate until considerably more purified preparations are used. The prepara- 
tions we use at present contain as “impurities” many substances which may 
affect favorably or unfavorably the action of these enzymes. It is even difficult to 
name specifically an enzyme unless we are convinced that the substrate used and 
acted upon by the enzyme is the correct one, and that we are completely con- 
fident that we know what the end products of the reaction are. 

The effect of serum on the enzyme(s) of schistosomes is another important 
contribution. One would like to ask if the inhibitory action of immune and some 
normal serums is due to different quantities of one substance or due to different 
substances. 

Dr. Chandler, our president, from his studies first presented the possibility of 
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an enzyme-antienzyme system of protective immunity in helminth infections. 
We have studied this problem in nematodes and feel that the enzymes of a 
helminth serving as antigens stimulate the formation of antibodies in a host 
which inhibit the action of these enzymes from worms of a subsequent infection. 
This study points out the presence of a substance in serum from infected individ- 
uals which inhibits the penetrating enzyme(s) more effectively than serum from 
normal or uninfected individuals. The actual location of this substance in serum 
fractions (predominantly @ globulins) only points out the need for more careful 
consideration of what we call antibodies. The important point is that here is a 
flatworm infection, a group of worms in which this inhibition has not been 
previously demonstrated. 





SYMPOSIUM ON HELMINTHIC INFECTIONS! 
Part IX 


Introducing the speaker, the Moderator said: The philosophical lure in 
helminthology is that you are faced with a double biological system, the worm 
and the host. If you want to study them separately and alive, it is not too dif- 
ficult to secure host species free from worms throughout their lives and study 
them from whatever angle you wish as a single biological system. Indeed, 
Reynier’s laboratory can produce them free of all demonstrable contamination. 
To secure axenic helminths throughout their lives has been a more teasing 
problem. Its successful accomplishment for the parasitic stages of a warm- 
blooded form may rank the co-authors of our next report with the great pioneers 
in helminthology. 


THE DEVELOPMENT OF A STUDY ON THE AXENIC GROWTH IN 
VITRO OF NIPPOSTRONGYLUS MURIS TO THE ADULT STAGE 


PAUL P. WEINSTEIN anp MYRNA F. JONES 


National Institutes of Health, National Institute of Allergy and Infectious Diseases ,* 
Bethesda 14, Maryland 


To aid in the understanding of the problems which were encountered in the 
cultivation in vitro of Nippostrongylus muris, a brief description will be given of 
its normal cycle of development in nature. The male and female adult worms, 


approximately 4 to 6 mm. in length, reside in the small intestine of the rat. Eggs 
are passed in the feces, and the larvae which hatch in the soil feed primarily on 
living bacteria. Under appropriate conditions of oxygen and moisture, they moult 
twice and develop to infective third-stage larvae. These larvae penetrate the 
skin of a rat, migrate to the lungs where they grow and undergo the third moult. 
The newly emerged fourth-stage worms then migrate up the trachea and down 
the digestive tract to the small intestine where they feed on mucosal tissue and 
blood. Here they go through the fourth moult and form adult worms to complete 
the cycle. 

The conditions which had to be met in attempting to cultivate these various 
stages in the life cycle of the organism in vitro primarily concerned bacterial 
sterility and nutritional requirements, also taking into consideration various 
physical factors, e.g., temperature and gas phase. Some of the approaches which 
were made to these problems will be described briefly (previous reports: Wein- 
stein, 1949, 1953, 1954, Weinstein and Jones, 1956 a, b). 

Obtaining bacteria-free conditions was an important concern initially, and 
one that had hampered many earlier investigations. The combined use of chem- 
ical sterilization and antibiotics considerably changed the picture, and, as has 
been reported by several workers in recent years (Dougherty and Calhoun, 1948; 

1 Held at the annual meeting of the American Society of Tropical Medicine and Hy- 


giene in New Orleans, Louisiana, November 1, 1956. 
2 Laboratory of Tropical Diseases. 
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Weinstein, 1949; Epps et al., 1950; Fairbairn and Reesal, 1950), several species of 
nematodes have now been prepared for experimentation under axenic conditions 
using such procedures. 

The study of the nutritional requirements of N. muris was begun by investi- 
gating both the free-living and parasitic stages concomitantly, since information 
gained for one stage often proved useful for another. For convenience, the free- 
living stages will be discussed first. 

Boardman (1933), following the studies by McCoy (1929) on dog hookworm, 
demonstrated that the larvae of N. muris could be reared to the filariform stage 
solely on living bacteria, but that heat-killed flora would not support growth. 
Based on their findings, attempts which were made to supplement such heat- 
killed cells with known vitamins, or yeast or liver concentrates proved ineffec- 
tive. It appeared probable that the commonly known water-soluble vitamins 
were not involved in the heating effect, or only secondarily so. The way in which 
bacterial cells were killed, however, had an important bearing on their residual 
growth-promoting properties. It was found that formalin-killed cells, unlike 
heat-treated bacteria, would support growth of the larvae to the filariform stage, 
though in relatively low percentage and with considerable stunting of the organ- 
isms. Eventually, other approaches towards the identification of the growth- 
promoting substances involved in larval development proved considerably more 
promising than the use of killed bacteria, so that this method was not fully 
exploited except for some further work which will be referred to below. With 
increasing information, however, concerning labile metabolic intermediates in 
bacterial cells and their increased availability for experimental work, fruitful 
results might be obtained in the future. 

Glaser and Stoll had reported in 1938 the successful axenic cultivation of the 
free-living stages of Haemonchus contortus in a complex medium consisting of 
ground, heat-killed yeast, pieces of fresh rabbit kidney, Lilly liver extract 3438, 
and agar. Using this medium and also substituting fresh liver for the kidney, low 
yields of filariform larvae of N. muris were obtained. It was subsequently found 
that the important component of this medium was the fresh tissue, so that most 
of the experiments which followed involved the growth-promoting properties of 
tissues and tissue fractions prepared in various ways. Working first with dog 
hookworm larvae, and later with N. muris, it was found that homogenates of 
chick embryo extract and rat liver respectively when used alone in high con- 
centrations would support good development to the filariform stage. It was now 
feasible to investigate the growth-promoting factors present in a single, albeit 
extremely complex, material. Larval development in fresh liver extract varied 
considerably from batch to batch, and some were actually found to be inhibitory. 
Chick embryo extract, on the other hand, gave consistently better results, so 
that most of the work which followed centered on this material. 

An attempt was made to obtain information about some of the properties of 
the tissue hemogenate by determining larval growth response at different con- 
centrations and the growth-promoting characteristics of various fractions ob- 
tained by filtration, high speed centrifugation and dialysis. 
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The dilution of embryo extract stepwise with Tyrode solution had a marked 
effect on the growth-response of the larvae. At full strength (i.e., CEEs0), approx- 
imately 75 to 80 per cent of the larvae reached the filariform stage, but with 
decreasing concentrations there was a rapid decline in the number developing, 
so that at approximately 10 per cent embryo extract, only about 1 per cent of 
the larvae reached the filariform stage. This indicated that development would 
occur only in relatively high concentrations of embryo extract, and that one 
or more important nutrients were quickly lost on dilution. 

As is well known, tissue homogenates such as embryo extract, contain not 
only a wide complex of soluble components, but cellular particulates as well. The 
larger particulates are in the size range of bacterial cells and were seen to be 
ingested in great numbers by the developing larvae. It was of interest to deter- 
mine whether these particulates were important to the nutrition of the larvae, 
and it was found that when they were removed either by filtration through a 
Selas candle or by high speed centrifugation, virtually no development to the 
filariform stage occurred in the particulate-free fluid. Such fluid, however, sup- 
ported prolonged survival of the larvae. The particulate fraction itself when 
suspended in Tyrode solution stimulated some larval growth, but the organisms 
soon died exhibiting a peculiar fatty degeneration. It was thus apparent that 
the particulate, as well as the soluble components of fresh tissue homogenate, 
contained substances essential to complete larval growth. 

teturning to the problem of growth on dead bacterial cells, it was found that 
both heat-killed and formalin-killed cells, when supplemented with filtrate of 
embryo extract, supported excellent development of the larvae to the filariform 
stage; higher yields and larger larvae were obtained with the latter than with 
the former. Filtrate of embryo extract thus contained a component which would 
restore the growth-promoting properties of either heat-killed or formalin-killed 
bacteria, and, reciprocally, the killed bacteria and the particulates derived from 
the chick embryo cells contained growth factors in common which were impor- 
tant to larval development. 

An approach toward the identification of the soluble growth-promoting 
components in embryo extract was made both by dialysis and dilution. It was 
found that in dialyzed extract from which many of the low molecular weight 
components had been lost, larvae developed only partially. Death of most 
larvae occurred in the early rhabditiform stage, and usually none reached the 
filariform stage. This formed a basis by which specific groups of growth factors 
could be identified. 

Testing a mixture of 13 water-soluble vitamins which were added to the 
dialyzed extract, it was found that approximately 70 per cent of the original 
activity of the extract could be restored. This group is gradually being narrowed 
down, so that at present 5 of the original 13 can be omitted without affecting the 
growth response.* 


* Choline, thiamine, pyridoxal,* pyridoxine, ca pantothenate, nicotinic acid, nicotinic 
acid amide,* p-aminobenzoic acid, folic acid, riboflavin, biotin,* ascorbic acid,* B-12.* 
Vitamins marked with an asterisk can be omitted without affecting the growth response. 
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Similarly, it was found that the loss of growth-promoting activity which oc- 
curred when embryo extract was diluted was primarily due to vitamin depletion, 
and that by adding to considerably diluted extract the same vitamins that had 
been identified as important to dialyzed extract, the growth-promoting properties 
of the diluted extract were restored. Thus, these two techniques, dialysis and 
dilution, served to determine the requirements for water-soluble vitamins, and it 
should be possible eventually to identify specifically, and at least in a semi- 
quantitative manner, those vitamins which can be reduced to a subminimal level 
in the extract by dialysis or dilution. 

Up to this point, no growth had been achieved in media lacking fresh tissue 
homogenate or some portion thereof, despite the fact that a wide variety of 
substances had been investigated. Eventually, however, it was found that a 
combination of components common to many bacteriological media would 
support larval development to the filariform stage. This was a mixture of sodium 
caseinate, yeast extract, and serum. In such a medium, a high yield of filariform 
larvae was obtained although these organisms were small in size. This finding was 
of importance for two reasons. The medium was completely fluid so that all 
growth factors were in a soluble form and therefore considerably more amenable 
to analysis than one with particulates, and it served ultimately to complete the 
development of a medium which supported the growth of the parasitic stages to 
adult worms. 

The study of the development of the parasitic stages took many directions, 
but it invariably returned to an examination of the rapid growth response 
initiated by chick embryo extract. In 50 per cent extract, when the temperature 
was raised to 37.5°C., filariform larvae quickly differentiated to correspond to 
moderately developed lung stages in the rat. They progressed very little beyond 
this point, but remained alive and active for many weeks; few ever reached the 
third moult. It was apparent that unlike the free-living stages, embryo extract 
alone was nutritionally inadequate for development of the worms to the adult 
stage, but that raising the temperature of this medium would induce the early 
differentiation of the parasitic stages. Many different combinations of vitamins, 
amino acids, protein hydrolysates, and other substances were added as supple- 
ments to embryo extract, and although with some of these, young fourth-stage 
worms developed, little growth occurred beyond this point. Eventually it was 
found that a combination of embryo extract, sodium caseinate, yeast or liver 
concentrate, and mammalian serum would support the development of the worms 
to the fifth stage; a few reached sexual maturity. In such media, embryo extract 
and serum were usually added at a concentration of 15 and 10 per cent respec- 
tively. 

Recently, we have found that by using considerably higher concentrations of 
embryo extract, the liver concentrate and caseinate can be omitted. Tests con- 
ducted up to the present with various ratios of serum and embryo extract have 
indicated that the best results were obtained with a combination of 40 per cent 
embryo extract and 20 per cent serum (i.e., 8 parts CEE 59 and 2 parts serum). 
Fresh rat or human serum appeared to be equally effective. Development in such 
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media was greatly superior to any that we have reported previously. As many as 
40 per cent of the worms present at the termination of the cultures reached the 
fifth stage, and such adult worms have now appeared as early as the eighth to 
tenth day of cultivation. The females contained large numbers of eggs in the 
uterus, and the genital tracts of the males were turgid with sperm, but apparently 


mating has not yet occurred. Hundreds of eggs have been found deposited in 
these cultures, but they have all been infertile, although within the normal size 
range. 

These studies represent only a beginning in the attempt to maintain a para- 
sitic nematode in culture in vitro throughout its life cycle, but the results are 
now sufficiently encouraging to indicate that it may eventually be accomplished. 
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DISCUSSION OF THE PAPER BY DRS. WEINSTEIN AND JONES 
CLARK P. READ 
School of Hygiene and Public Health, Johns Hopkins University 


Initially, it would seem that we might take exception to the last remark of 
Drs. Weinstein and Jones. This work represents much more than “only a begin- 
ning’. Rather, it represents an auspicious climax to ten years of labor on a 
difficult and, at times, discouraging problem. We have a story at Hopkins about 
Paul Weinstein. It is said that as a beginning graduate student, in the market for 
a suitable problem, he quietly announced that he intended growing Nippostrongy- 
lus, through its life cycle, in vitro. A fellow student’s reaction was a scoffing, ‘“You 
can’t do that!”. With his usual courtesy Weinstein replied, “Oh, excuse me, I 
thought I could’. 

These cultivation techniques for bringing Nippostrongylus to sexual maturity 
offer opportunities for tackling a number of problems in the biology of this 
helminth. Weinstein and Jones’ description of the course of events when filari- 
form larvae are incubated in 50 per cent chick embryo extract at 37.5° C. rather 
strikingly resembles the course of events when N. muris of rat origin is given to 
hamsters. In the hamster the larvae undergo the usual migration to the lungs 
where they remain alive and active for long periods of time. A very few complete 
the migration to the intestine and attain adulthood. These latter observations 
were made by A. J. Haley in our laboratory. Recently we have injected hamsters 
with fairly large doses of fresh rat serum 24 hours after infecting them with 
filariform larvae of N. muris. In such treated animals a significant proportion of 
the worms complete their migration to the gut. It would be of great interest to 
determine whether hamster serum can or cannot support the development 
of N. muris in vitro. If it cannot, an approach is opened for applying the in 
vitro methods Weinstein has described to the elucidation of what appears to be a 
physiological host specificity of N. muris. Parenthetically, Haley (1955) found 
that after repeated passage in the hamster the nematode showed adaptation to 
this host and developed to maturity with essentially the same efficiency as in 
rats. It remains to be established whether this is a phenotypic adaptation or is 
primarily brought about by selection. 

It is interesting to think for a bit about the chick embryo extract which is 
efficacious for complete development of N. muris in vitro. In tracing the course of 
the work, Weinstein has shown that all roads led back to embryo extract as the 
material giving the most consistent growth-promoting effects. In promoting 
growth of the filariform stage, liver extracts gave inconsistent results. Other 
media yielded stunted filariform larvae. These experiences are more or less in 
line with those obtained by tissue and cell culture experimentalists; chick embryo 
extract promotes growth while extracts from other tissues have irregular or 
feeble growth-promoting properties. This strongly suggests that the growth- 
promoting agent is present in all tissues but that the quantities vary. Actually 
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there are several possibilities: 1) adult tissue may contain anti-growth factors 
not present in embryonic tissues; 2) the growth-promoting substance may be 
inactivated by another substance present in adult tissues; or 3) the growth- 
promoting substance may always be at a low concentration in adult tissues. 
Dr. Weinstein’s cultivation methods may be useful in determining whether one 
of the above possibilities is indeed the case. 

That the substances necessary for development to the pre-intestinal phase 
are present in many tissues is indicated by Twohy’s recent studies (1955). Twohy 
found that development occurs if larvae are given intradermally, subcutaneously, 
or intravenously. When larvae were injected into the hepatic portal system the 
larvae developed in the liver; when such larvae were fed to rats the worms 
completed their maturation in the gut. Thus, it was shown that, from the 
physicochemical standpoint, the skin and the lungs are not essential for develop- 
ment. 
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SOME UNSOLVED PROBLEMS IN AMEBIASIS! 
HENRY EDMUND MELENEY 
School of Medicine, Louisiana State University, New Orleans, Louisiana 


Amebiasis is any infection with Entamoeba histolytica. The infection may be 
limited to the lumen of the intestine and not give rise to any pathological or 
clinical manifestations, or it may invade the wall of the intestine causing ulcera- 
tion, and thence spread to the liver, peritoneum, pleura, lung, brain, skin or 
rarely to other organs. This is one of the most interesting and in some ways 
baffling infections of man, for several reasons. It is world-wide in distribution. 
Although most infected persons present no clinical manifestations, others may 
die from a fulminating infection. Its presence within a given tissue causes lytic 
necrosis of the tissue, but very little is known about its toxin. The ameba has 
never been grown in pure culture, for it requires some factor furnished by living 
bacteria or other cells. Its accurate identification requires skill, experience and 
sometimes even self-control. Its treatment requires discrimination, good judg- 
ment and terminal facilities. Its mode of transmission is usually difficult to 
determine, but it may break out unexpectedly in dramatic epidemics. 

The unsolved problems in amebiasis may be divided into four categories, 
namely, biological, diagnostic, epidemiological and therapeutic. In this discussion 
I shall deal mainly with the first three of these. 


BIOLOGICAL PROBLEMS 


Multiplication factor. The most important biological problem concerning 
Entamoeba histolytica is the identification of the substance or condition furnished 
by living cells which is essential to the multiplication of the ameba. Reduced to 
its simplest form this question is,—what makes the nucleus divide? In every 
environment in which EF. histolytica multiplies there are living cells. In the lumen 
of the intestine or in the usual laboratory culture there are bacteria. In the deep 
tissues of the intestinal wall the amebae advance beyond the bacteria but are in 
contact with body cells. In a liver abscess, where there may be no demonstrable 
bacteria, proliferation of the amebae takes place in the liver tissue at the periph- 
ery of the abscess. During the early work on cultivation of the ameba in test tubes 
Cleveland and Sanders (1930) found that continuous propagation was impossible 
in the absence of living bacteria, and that certain single species of bacteria would 
support multiplication while others would not. In recent years, with the use of 
micro-isolation of single amebae (Rees et al., 1941; Chinn et al., 1942) or with the 
aid of antibiotics to eliminate the original bacterial flora (Jacobs, 1947; Shaffer 
and Frye, 1948), cultures of E. histolytica with a single species of bacterial as- 
sociate have been widely used in the search for the eJusive factor essential] to 
multiplication. 


1 Read at the Scientific Dedication of the Medical Center of the University of Missis- 
sippi, Jackson, Mississippi, October 23, 1956. 
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It has been possible to substitute certain other living cells for bacteria in the 
ameba cultures. Phillips (1950) found that the ameba would grow well with 
Trypanosoma cruzi, and Shaffer and co-workers (1953) obtained multiplication 
with living cells of the chick embryo. 

It is not necessary that the bacteria or trypanosomes in the ameba culture 
shall be in a condition to multiply in order to obtain multiplication of the amebae. 
In the Shaffer-Frye culture (Shaffer, 1953) the single species of bacteria is held 
in a condition of bacteriostasis by penicillin, but is still viable, as can be demon- 
strated by the use of the enzyme penicillinase to inactivate the penicillin. In the 
trypanosome-ameba culture, Phillips (1953) found that the trypanosomes could 
be heated to 48° C. for ten minutes or to 50° C. for five minutes and still stimulate 
multiplication of the amebae, although the only evidence of metabolic activity of 
the heated trypanosomes was slight production of acid. Further heating of the 
trypanosomes stopped both acid production and multiplication of the amebae. 

Attempts to produce multiplication of the amebae by the use of dead bacteria, 
filtrates of bacterial cultures, or respiratory enzymes in place of living cells have 
thus far achieved only temporary or doubtful success. Jacobs (1947) used a 
medium in which the colon bacillus was grown for 24 hours and then “killed” by 
heating to 56° or 65° C. for two hours. Successive transplants in the medium 
containing heated bacteria produced slight multiplication which finally ceased 
after 20 transplants, but it is probable (Phillips 1953) that the continued multi- 
plication of amebae in this experiment was due to slight metabolic activity of 
the heated bacteria. 

Cell-free filtrates of bacterial or trypanosomal cultures cannot replace the 
bacteria themselves in producing multiplication of the amebae; neither can the 
dialysate from a bacterial or trypanosomal culture (Shaffer et al., 1948; Phillips, 
1953). 

Nakamura (1952) substituted the enzyme succinic dehydrogenase for Trypano- 
soma cruzi in the ameba medium, on the assumption that this enzyme controls 
the oxygen uptake of the trypanosomes in Phillips’ medium. Two series of 
transplants maintained survival or slight multiplication of amebae for only 5 and 
7 subcultures respectively. Although this experiment cannot be considered suc- 
cessful, it is reasonable to suspect that some enzyme is involved in the stimulus to 
nuclear division which is provided by metabolizing cells. 

Shaffer (1952) emphasized the apparent importance of the bodies of the 
bacteria in the multiplication of EF. histolytica in the Shaffer-Frye medium, and 
Phillips (1953) suggests that the necessary growth factor may be supplied only 
by the continuous metabolic activity of the associated bacteria or trypanosomes 
within the cytoplasm of the amebae after phagocytosis. 

In connection with the question, ‘What makes the nucleus of FE. histolytica 
divide?” a little information on chemical changes during nuclear division has 
been furnished by Pan and Geiman (1955), who observed by means of specific 
stains that desoxyribonucleic acid appeared in the nucleus during the process of 
its division and disappeared during the resting stage. This would suggest that 
desoxyribonucleic acid is necessary for nuclear division and that its formation 
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may be related to the presence of metabolizing cells or other particles in the 
cytoplasm of the ameba. An interesting difference which Pan and Geiman ob- 
served between FE. histolytica and the non-pathogenic Entamoeba coli was that 
desoxyribonucleic acid was present in the nucleus of Z. coli during the resting 
stage as well as during nuclear division. The significance of this difference is not 
yet apparent. 

Evidence that, in the lumen of the intestine, living bacteria are necessary for 
the survival of F. histolytica and for its invasion of the tissues has been furnished 
by Phillips et al. (1955). They used young guinea pigs reared free of bacteria, and 
injected cultures of E. histolytica growing with Trypanosoma cruzi into the cecum. 
None of these animals developed lesions and the amebae quickly disappeared. 
In control animals with naturally acquired intestinal flora or infected with a 
single species of bacteria, injection of the ameba-trypanosome culture was fol- 
lowed by typical amebic ulceration. Thus in the intestine neither the trypano- 
somes nor the mucosal cells provided the necessary stimulus for multiplication of 
the amebae. 

Toxin. Entamoeba histolytica differs from the non-pathogenic intestinal amebae 
in two respects; first in its ability to invade the tissues, and second in its produc- 
tion of a substance which causes lytic necrosis of the invaded tissue. Very little 
is known about this lytic substance. Its effect is so striking that it prompted 
Schaudinn to name the ameba histolytica. In the wall of the intestine or in a liver 
abscess the effect consists of disintegration of tissue cells and fibers, with liquefac- 
tion. It does not stimulate the accumulation of phagocytic defense cells of the 
host. Only after secondary bacterial invasion do such cells appear. Craig (1927) 
demonstrated both a hemolytic and a cytolytic substance in alcoholic extracts of 
cultures of EF. histolytica. These lytic substances were present only in amebae 
from young (2-day old) cultures, not from 7-day old cultures, and not in the 
supernatant fluid of either young or old cultures. Craig did not attempt to deter- 
mine whether the hemolysin and the cytolysin were the same substance. He did 
conclude that they were neither proteins nor enzymes because they were soluble 
in absolute alcohol. Morita (1938) also demonstrated destruction of epithelial 
cells by extracts of EF. histolytica. Further study of this phase of the subject is 
needed. 

The only other evidence of the possible nature of the lytic substance of EF. 
histolytica is the recent demonstration of its ability to lyse gelatin. Harinasuta 
and Maegraith (1954) and Maegraith (1955) have shown that a washed culture of 
E. histolytica suspended in saline, or a fresh saline extract of such a culture ob- 
tained by freezing and thawing, will destroy the gelatin on an exposed and devel- 
oped photographic film, when incubated for two hours at 37° C. They interpret 
this as evidence of the presence of a proteolytic enzyme. This is the beginning of a 
new approach which may lead to the identification of the pathogenic component 
of E. histolytica. 

Commensalism. The question as to whether or not Entamoeba histolytica can 
multiply indefinitely in the lumen of the human colon without invading the tis- 
sues has been the subject of much observation and speculation, but has never 
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been answered conclusively. It is well known that the large majority of persons 
harboring EL. histolytica never have symptoms which can be ascribed to the infec- 
tion. Craig (1932) was a strong advocate of the view that every so-called symp- 
tomless carrier of this ameba has at least superficial necrosis of the mucosa of the 
colon with multiplication of the amebae in the tissues, and that although these 
lesions may heal rapidly, the process is continually recurring in microscopic 
areas. He, and others who have held this point of view, have based their opinion 
on the finding, at autopsy, of amebic ulceration, very often extensive, in persons 
who had had no recognized intestinal disturbance during life; and also on the 
occurrence of amebic liver abscess in persons who had no history of intestinal 
disturbance. 

The fact that invasion of the intestinal mucosa can occur without gross evi- 
dence at autopsy was demonstrated in the case of a woman who died of chronic 
leukemia (Meleney and Frye, 1934). There was no visible erosion or ulceration 
of the colon, but in sections of a routine block of tissue from this organ, amebae 
typical of FE. histolytica were found in the mucosa and superficia) submucosa with 
only slight erosion of the glandular epithelium and no tissue necrosis. 

On the other hand there is much evidence to support the position that F. histo- 
lytica can live and multiply as a commensal in the lumen of the colon. 

Faust (1941) made thorough examination of the intestines of 202 persons in 
New Orleans who died suddenly of accidents, and found E. histolytica in 13. In 
seven of these, macroscopic lesions were visible and amebae were found either in 
the lesions or in mucus associated with them, but in the other six cases there was 
no evidence of invasion of the tissues by the amebae. Dobell, who previously 
believed that EF. histolytica was an obligatory tissue parasite, changed his opinion 
(Dobell, 1931) when he found that it multiplied in the colon of macacus monkeys 
without demonstrable invasion of the wall. Reichenow (1931) added even 
stronger evidence to this view in reporting the case of a man infected with EL. 
histolytica, who had no gastro-intestinal symptoms although he excreted an 
average of 34 million cysts per day over a period of five weeks, with a maximum 
of 153 million in one day. Administration of a mild cathartic caused evacuation 
of large numbers of trophozoites of E. histolytica followed by a diminution in the 
passage of cysts on the following days, similar to what occurs with other non- 
pathogenic lumen-dwelling amebae. This could not have occurred if the amebae 
were multiplying only in the wall of the colon, and it was inconceivable that 
so heavy an infection of the tissues could exist without producing any symp- 
toms. Another convincing evidence that HE. histolytica is not an obligatory tissue 
parasite is its ability to multiply indefinitely in tissue-free culture media. 

Andrews and Atchley (1932) added evidence of absence of destructive tissue 
invasion by obtaining negative tests for occult blood in the feces of persons har- 
boring EZ. histolytica without symptoms. Meleney and Frye (1937), using the 
complement fixation test, found that many persons harboring FE. histolytica with- 
out symptoms gave negative reactions, and concluded that this was probably 
because the amebae resided entirely in the lumen of the colon, and therefore did 
not stimulate the formation of serum antibodies. Hoare (1952) has brought 
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together convincingly the arguments for the commensal existence of EF. histolytica 
in the lumen of the intestine. He favors designating this the ““minuta”’ form, the 
name given to it by Elmassian (1909) as a separate species, not because it was 
very minute, but because it was smaller than the very large form containing red 
blood cells, which is seen in the discharges of acute amebic dysentery. The 


“minuta” form often contains bacteria, indicating its probable residence in the 
lumen rather than in the wall of the colon. 

Beaver and co-workers (1956) recently conducted a study in the State Peniten- 
tiary of Mississippi in which they fed cysts of FE. histolytica from a symptomless 
carrier to volunteers. None of the 81 experimental subjects developed symptoms 
which could be definitely related to the infection, and vague symptoms of ab- 
dominal disturbance were as common among uninfected controls as among those 
who were infected. 

When we consider all the clinical and experimental evidence, it seems reason- 
able to believe that EF. histolytica is normally a commensal organism living in the 
lumen of the colon, feeding on bacteria and other feca] constituents, and forming 
cysts to preserve its life cycle in healthy hosts. It differs however from the other 
harmless intestinal amebae, first in its ability under certain circumstances to 
invade the wall of the colon, and second in its lytic toxin to destroy invaded 
tissue. 

Invasiveness. The ability of Entamoeba histolytica to invade tissues is the 
reason for its importance as a parasite of man. Many studies have been conducted 
to determine the conditions causing invasion. Concomitant bacterial infection 
has received much attention. Westphal (1937) infected himself and carried the 
amebae as a commensal for severa] months, then swallowed the bacterial flora 
associated with another case of amebiasis, and promptly developed acute amebic 
dysentery. Usually the bacterial flora associated with acute amebic dysentery 
are not themselves pathogenic, although the dysentery bacilli have sometimes 
been found in such cases. 

Deficiencies of thiamin and of ascorbic acid have been shown to favor invasion 
in experimental animals (McCarrison, 1919; Sadun et al., 1951). Other dietary 
factors may be important also. Faust et al., (1934) showed that experimental dogs 
fed on a fish diet developed acute amebic dysentery, but improved rapidly by 
changing to a diet of liver. General lowering of resistance, as is assumed when 
inhabitants of temperate zones go to the tropics, has also been claimed as a 
factor. The possession of the spreading factor, hyaluronidase, by FL. histolytica 
has been described by Bradin (1953) and might be a factor in invasiveness. 
Meleney, Frye and Leathers (1939) demonstrated marked differences in the 
pathogenicity of different strains of F. histolytica for kittens and concluded that 
the differences were intrinsic in the amebae, not due to accompanying bacteria. 

It is well recognized that, even in the tropics, there are great differences in the 
pathogenicity of EF. histolytica in different regions and population groups. The 
most dramatic of these differences is in Durban, South Africa, where fulminating 
cases of amebic dysentery occur in the native Bantus who come in from the rural 
areas, whereas the infection is usually mild among the population groups which 
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originated in India or Europe (Elsdon-Dew, 1949). The reasons for these differ- 
ences have not yet been elucidated. 


DIAGNOSTIC PROBLEMS 


The diagnosis of amebiasis should be based solely on the identification of 
Entamoeba histolytica in the feces or tissues. The only exception to this rule is in 
cases of liver abscess or so-called “amebic hepatitis 


” 


where a clinical diagnosis, 
followed by dramatic response to therapy by emetine or chloroquine, furnishes 
adequate circumstantial evidence of amebic etiology. Even in such a case, LE. 
histolytica should be searched for diligently in the feces, and intestinal therapy 
should be instituted because all hepatic infections must have originated from 
lesions in the intestine. 

The main problem in diagnosis is providing fecal specimens in the best possible 
condition, and in having a laboratory staff with the skill, time, patience and dis- 
crimination to find the parasite when it is present, and to differentiate it from 
body cells, other organisms and artifacts. There is no necessity here for going 
into the technique of stool examinations. The procedures which should be used 
routinely in every laboratory include the simple slide-coverslip preparation with 
saline and iodin, followed by one of the concentration methods of which the 
formol-ether procedure is probably the best, and an iron-hematoxylin stain when 
needed for corroboration or permanent record. It is well known that several 
months of experience with many specimens are necessary to achieve expertness 
in identification and differentiation of the intestinal amebae, and even then cor- 
roboration by a second examiner is a wise procedure. Proper reagents and a good 
microscope are essential, and time to make a thorough examination is very 
important. 

The proctoscope and sigmoidoscope must be used with caution in the diagnosis 
of amebiasis. One cannot depend upon the gross appearance of lesions without 
finding the typical ameba. A long glass pipette with an angulated tip and rubber 
suction bulb is the instrument of choice to obtain a specimen. A cotton swab is 
not so suitable because it absorbs fluid which may contain the amebae. The prac- 
tice of a few physicians of scraping the wall of the sigmoid colon or rectum in the 
absence of macroscopic lesions is not a good way to find either trophozoites or 
cysts, as one is likely to obtain only epithelial cells, which unfortunately have 
been mistaken for non-motile trophozoites or abnormal cysts. This error some- 
times leads to a vicious circle, because the physician mistakenly attributes the 
often vague symptoms of the patient to amebic infection, institutes anti-amebic 
treatment, finds the same kind of cells on post-treatment examination, and either 
continues the process ad infinitum or concludes that amebiasis cannot be cured. 

The problem of training laboratory technicians in the accurate finding and 
differentiation of the intestinal protozoa is a difficult one. Fecal examination for 
parasites is a minor part of most courses in clinical technology, and in some 
places depends upon old fixed specimens because of low prevalence of these para- 
sites in the local population. Even after becoming expert, a technician needs 
continuous practice with positive specimens, and if over-burdened with other 
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work may give less time to a fecal examination than is necessary. The Communi- 
cable Disease Center of the Public Health Service at Chamblee, Georgia, has 
made a great contribution to technical training by its intensive courses in Para- 
sitology, followed by monthly test specimens for a year to keep its former students 
alert. The Communicable Disease Center has also sent instructors to several 
states and cities to give short training courses to laboratory personnel]. Unfor- 
tunately, it has been necessary to limit this training mainly to state and local 
health departments and to veterans’ hospitals. Some state health departments 
require certification of local public and private clinical laboratories, and thus 
have an opportunity to maintain alertness in this type of examination. A com- 
mittee of the American Society of Tropical Medicine and Hygiene has recently 
recommended the establishment of continuous evaluation programs of this kind 
on both a national and a state level. 

The problem of overdiagnosis of amebiasis on the basis of symptoms, often 
supported by faulty microscopic observations, is even more difficult to solve. It 
is costly to the patient and frustrating to both patient and physician, and fails 
to discover the cause of the symptoms. In my opinion it can only be solved by 
the physician himself scrutinizing carefully his concept of the infection, under- 
standing the biology and life cycle of the parasite, and obtaining the most skillful 
examination of fecal specimens to temper his enthusiasm. 

It is unfortunate that there is no accurate serological test for the diagnosis of 
amebiasis or as an indication of cure. The complement-fixation test, first devised 
by Craig (1929), and studied critically by Magath and Meleney (1940), the 
National Institute of Health group (Bozicevich, 1951) and others, usually gives 
positive reactions in cases of active amebic dysentery and liver abscess, and be- 
comes negative in these cases after successful therapy. But it is often negative in 
mild or symptomless infections, so that it is not a reliable check on positive or 
negative stool examinations. If the amebae do not invade the tissues or if the 
invasion is superficial, serum antibodies apparently are not formed or are too 
weak to be demonstrable with the best antigen which has been produced thus 
far. There is also evidence of antigenic differences between strains of FE. histo- 
lytica so that a polyvalent antigen may be necessary for reliable tests. That there 
are antigenic differences between strains has been demonstrated clearly by 
Shaffer and Ansfield (1956), using the ability of F. histolytica to phagocytose red 
blood cells as an index of activity. These workers immunized rabbits against 
single strains of FE. histolytica by intravenous injection of cultured amebae, and 
tested the power of each strain to phagocytose red blood cells in the presence of 
homologous and heterologous rabbit antisera. Some strains from widely different 
sources were related antigenically, while others were not. 

The antigenic properties of Entamoeba histolytica are related to the problem of 
immunity. All evidence indicates that this organism is not a strong antigen. In 
the tissues it does not stimulate much cellular reaction. Recurrences are common, 
and it is difficult to determine whether the attack is a new infection or an exacer- 
bation of the old one if the patient has gone back into an infected environment 
after treatment. Swartzwelder and Avant (1952) infected dogs, and after they 
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had developed acute amebic dysentery and then lost their infections spontane- 
ously or by chemotherapy, attempted to reinfect them with the same strain of 
ameba and with another strain. Twenty-four out of 29 dogs could not be rein- 
fected although 3 to 5 attempts were made over periods of several months, thus 
showing definite evidence of immunity. The other 5 dogs were reinfected, some 
repeatedly, indicating that little or no immunity had developed. From these 
results it seems probable that in man recovery from acute amebic dysentery in 
some cases will be followed by immunity to reinfection, but symptomless infec- 
tions in which the amebae may be residing only in the lumen of the colon would 
not be expected to stimulate any immunity. 


EPIDEMIOLOGICAL PROBLEMS 


When one considers that in every community of any great size throughout 
most of the world some people harbor Entamoeba histolytica, one wonders how so 
many people became infected. It must have been from fecal contamination, 
presumably human. The ameba cannot multiply in the cyst stage outside the 
body, and even heavy infections do not discharge the myriads of organisms 
involved in bacterial infections. The public food handler has been blamed for 
much of the transmission, and circumstantial evidence indicates that during 
World War II a high incidence of histolytica infection in our military units, par- 
ticularly in the Far East, was associated with the employment of native food 
handlers. But there is little evidence that in the United States the public food 
handler is an important source of infection today. In some areas flies are un- 
doubtedly agents of transmission, and raw leafy vegetables are a danger if they 
have been nourished with human excreta or washed with polluted water. Infec- 
tion may also spread within a household if the mother is infected and is careless 
in hand sanitation, or if the children’s excretory habits are not well supervised. 
Repeated infections undoubtedly occur in insanitary environments, but there is 
also evidence that symptomless infections with EF. histolytica may last for years, 
as was demonstrated in our medical students at Vanderbilt University (Meleney, 
1942), and it is conceivable that infections may be handed down from generation 
to generation. 

The environment in which it is most difficult to control personal sanitation is 
the mental institution. Several recent studies have revealed a very high preva- 
lence of E. histolytica infections in homes for mental defectives (Berberian et al., 
(1952), and one epidemic of clinical amebic dysentery was reported in a mental 
hospital for adults (Birnkrant et al., 1945). Even in a children’s home for found- 
lings, Ivanhoe (1943) found a very high prevalence among children who were 
learning to care for themselves, and traced transmission to clothing, a sand box 
and a bathing pool. 

Polluted drinking water is well recognized as the source of epidemics of amebi- 
asis, and is probably also responsible for infections in some rural areas, and even 
in some cities which depend entirely on chlorination for their water purification. 
Since it requires ten times as high a concentration of chlorine to kill the cysts of 
E. histolytica as to kill pathogenic bacteria, sedimentation and filtration are also 
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needed if the water source is subject to pollution. Cross connections and leakage 
were responsible for the famous Chicago epidemic of 1933 (McCoy et al., 1936), 
the apartment house epidemic in Tokyo reported by Ritchie and Davis (1948), 
and the recent industrial plant epidemic in South Bend, Indiana (Offutt, et al., 
1955). These occurrences in recent times demonstrate that physicians and health 
departments must always be alert to the threat of water pollution, and must 
follow up individual cases to search for a common source of infection. The report- 
ing of cases by physicians to health departments is a duty which should not be 
neglected. 

The prevention of amebiasis in military personnel during campaigns presented 
a tremendous problem during World War II. In the Southwest Pacific and 
China-Burma-India theaters of operation whole units were handicapped, and 
cases of acute amebic dysentery sometimes crowded the military hospitals. 
Stern measures were often required to enforce camp sanitation. In the field, 
water purification was difficult. Research showed that an iodin preparation was 
more practical than chlorine for use in canteens and Lyster bags, and that diato- 
maceous earth was better than sand for rapid filtration. Despite these improve- 
ments, the problem of educating military commanders and troops in the necessity 
and techniques of camp and personal sanitation will always remain. 


CONCLUSION 


With the steady improvement in education, economic status and public and 
private sanitation in the United States, I believe that amebiasis is less prevalent 
than it was a generation ago and that it will continue to decline. A bit of con- 
crete evidence of this is that in a rural community in Middle Tennessee, a recent 
survey (Jones et al., 1954) showed that the prevalence of FE. histolytica in the 
inhabitants had decreased from 38 to 22 per cent in a period of twenty-one years 
(Milam and Meleney, 1931). In the meantime this community had been furnished 
with hard-top roads and more sanitary privies, and the introduction of tobacco 
growing had improved the economic status. But this decline does not mean that 
we can afford to be complacent about the infection. When it attacks the tissues 
of man it may cause severe illness, and if not diagnosed and properly treated it 
may cause death. We do not know when or under what conditions the tissues are 
invaded. For this reason every case of EF. histolytica infection which is discovered 
should be treated. We have a large armamentarium of old and new drugs which 
can almost always eradicate the infection. The great need in clinical medicine is 
accurate stool examinations before and after treatment, wise use of therapeutic 
agents, and intelligent interpretation of symptoms in the absence of parasito- 
Jogical proof of the infection The elusive biological requirements of this little 
animal for its propagation, and the nature of its lytic enzyme or toxin, remain 
for patient chemical investigators to discover. 
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THE SEROLOGICAL DIAGNOSIS OF AMEBIASIS BY MEANS OF THE 
PRECIPITIN TEST 
JEANNE C. MOAN 


Mobac Laboratories, 85 No. Lansdowne Ave., Lansdowne, Pennsylvania 


For many years, experimenters have attempted to develop a reliable sero- 
logical test for amebiasis. Craig (1928) published the results of his experiments 
demonstrating that the blood serums of individuals infected with Entamoeba 
histolytica contained antibodies which fixed complement in the presence of a 
suitable antigen. The specificity of the antigen-antibody reaction in amebiasis 
has been further demonstrated by Heathman (1932), Sherwood and Heathman 
(1932) and Mendez (1932). These experimenters confined their work principally 
to the complement-fixation test with little interest for other serological reactions. 

A specific and sensitive serological test for the detection of antibodies to 
E. histolytica, usable in any medical laboratory, should fill a major need in the 
diagnosis of amebiasis. This paper presents a new, rapid and simple test for pre- 
cipitating antibodies in the serum of individuals in whom amebic infection has 
occurred, and some of the results which have been obtained on a variety of ser- 
ums made available to the author. A complement-fixation type of test was 
originally developed using the same antigen now employed in this test, but a 
shift to the precipitation reaction was made after a series with an unusually high 
percentage of anticomplementary serums was encountered. In titrating and 
standardizing this antigen for the precipitin test, a greater dilution of the antigen 
was found to be necessary. This test eliminated the problems associated with the 
complement-fixation technique, but more important, it proved to be reliable, 
rapid and simple to perform, and has been used in preference to the other ever 
since. Table 1 summarizes the results of several series run in parallel, using the 
same antigen in both techniques. 


ANTIGEN PRODUCTION 


The finished antigen' used in this test is a water-clear standardized solution. 
Its production is exacting and time-consuming. Its standardization is an essential 
step. A very heavy growth of healthy Z. histolytica in a supporting medium free 
of human bacteria is the key to a satisfactory antigen. A weak growth, or use of 
degenerated amebae, or introduction of other bacterial antigens might alter the 
quality of the antigen seriously. 

Medium. The culture medium used for the growth of EF. histolytica consists of: 


Liver concentrate. ; ... 2.0 gm. 
Disodium phosphate bites 2.09 gm. 
Potassium acid phosphate nati ea: | 
ee eee 
Bacto Proteose Peptone ’ cine ... 1.67 gm. 
Distilled water, qs ae! ... 1,000 ml. 





1 The antigen used in the tests here reported was prepared by Mobac Laboratories, 85 
North Lansdowne Avenue, Lansdowne, Pennsylvania. 
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TABLE 1 


Correlation between 50 complement-fization reactions and precipitin reactions 
on stored serums, 1951* 


Numbers of Serums with Complement-fixation 
Test Results 


Anticomple- 
mentary 


| 


Positive Negative 





Positive 39 
Negative " , 11 





* Serums furnished by CDC, Atlanta. 


Mix and heat to boiling. Allow to cool to room temperature and add 100 mgm. 
cholesterol (as 2% solution in acetone). Tube in 10 ml. quantities. Autoclave at 
15 psi for 15 minutes. At least two to three days prior to use, add sterile starch 
suspended in sterile water, 500 mgm. of starch to 10 ml. of water, 0.5 ml. per 
tube. Observe at room temperature for two to three days for contamination. 
After checking for sterility, store in cold until ready for use. This medium keeps 
for months in screw-capped tubes. 

Buffer. A buffered saline stock solution is prepared by disolving NaCl—17.0 
gm., NasHPO,—1.13 gm., and KH,PO,—0.27 gm. in distilled water to make 
100 ml. and diluting 1/20 with distilled water. 

Bacterial flora. The bacterial flora used to support the growth of E. histolytica 
in the above medium was obtained from the bacterial flora of a strain of Enda- 
meba terrapinae (227) growing at 30°C. A 10 ml. tube of viable EZ. terrapinae was 
rapidly spun down at 12,000 rpm to separate the amebae from the bacterial 
flora, and 0.05 ml. of the supernate was placed on a glass slide and observed 
microscopically to assure an active bacterial flora. Two ml. of the supernate 
was added to 10 ml. of culture medium and incubated at 30°C. until a luxuriant 
growth of bacterial flora was obtained. After a satisfactory growth was assured 
the temperature of the culture was slowly raised (1°C. per week) to 37°C. After 
development and adjustment to growth at 37°C. the bacterial mixture contained 
twelve different but incompletely identified strains. This mixture has been carried 
both by subculture and in a lyophilized state, and used successfully on several 
occasions since. 

E. histolytica. The E. histolytica was obtained originally from NIH strain 103. 
A wire loop of this strain was transferred to 10 ml. of culture medium and 0.25 
ml. of the bacterial flora was added aseptically. The culture was incubated at 
37°C. for 48 hours to effect growth of the amebae. This culture was transferred 
to subcultures every 48 hours until luxuriant growth (2,000,000 per 10 ml. tube) 
was obtained. Upon stabilization of the culture at this level a 10 ml. tube was 
gently centrifuged (2,500 rpm) to effect separation of the amebae from the 
culture medium and the bacterial flora. The amebae were diluted with the buffer 
solution and examined microscopically to assure intact and motile amebae. A 
quantity of approximately 100,000 organisms was aseptically transferred to 10 
ml. of medium and inoculated with the stock bacterial flora. This culture was 
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incubated at 37°C. and was the parent culture from which the antigen was 
made. 

Inoculation. After the medium is warmed to room temperature, inoculate with 
approximately 100,000 viable amebae per tube, preferably with about 0.25 ml. of 
rapidly growing inoculation culture. 

Harvesting, freezing and centrifugation. When the subculture of the above 
parent culture is thought to have reached a growth of approximately 2,000,000 
per 10 ml. tube (as determined by spot-checking) those cultures which are satis- 
factory are spun gently (2,500 rpm) for about 10 to 12 minutes to effect separa- 
tion and concentration of the amebae from the culture medium. The supernate 
about 98 per cent of the bulk) is decanted and the packed amebae are gently 
transferred to a conical centrifuge tube. A final check is made microscopically to 
assure intact and motile amebae. A 0.1 ml. portion is brought to the original 
dilution with appropriate amount of supernate, and counted again. If satis- 
factory, the mass is quickly frozen at —10°C. for 24 hours to effect rupture of 
the ameba. The frozen concentrate is then thawed, and the resultant liquid is 
centrifuged at approximately 12,000 rpm in an angle centrifuge until the super- 
natant fluid is clear. This supernate is the raw antigen ready for titration. 

Titration. Raw antigen is titrated against a standard antigen, using a stock 
serum originally obtained from a case of amebic hepatitis. This serum has been 
kept frozen since 1951. All dilutions, 1:1 up to 1:160 or beyond, are compared in 
intensity of reaction with standard established antigen. The present strength of 
antigen was adopted after careful slection of the best possible reactions in a 
group of known positive and negative serums. Merthiolate 1:10,000 is added, 
and this product has remained stable for 5 vears. 


PECHNIQUE 

The test is performed as follows: 

Serum to be tested. One-half ml. of serum is sufficient. It should be free of all fine 
particulate matter, debris, and precipitates of any kind. If clear, its age does not 
matter. 

1. The serum is clarified by centrifugation at 2,000 rpm and then inactivated 
at 56°C. for 30 minutes. Certain unclear sera have not been cleaned up at 2,000 
rpm, but a higher speed has not been tried. 

2. The antigen is incubated at 37°C. for 15 minutes. 

3. 0.05 ml. of serum is placed on a paraffin-ringed slide and 0.05 ml. of antigen 
is added. 


+. The antigen and serum are then mixed thoroughly on a Boerner rotator or 


by hand at 120 rpm for approximately four minutes and the test is ready for 
reading. 


5. The test is read microscopically. Delay in reading will affect results only if 
evaporation occurs. Micro-photographs of typical reactions graded 1 to 4 plus 
are shown in Plate 1. Lighting is critical; light should be reduced to a minimum 
by closing the iris diaphragm tightly, and racking the condenser all the way down. 
Lighting controls readability. Too much light renders precipitates invisible. The 





JEANNE C., MOAN 


Pate 1. Typical reactions in the Moan precipitin test for amebiasis. Photograph a. 
Negative, Photograph b. +, Photograph ¢. ++, Photograph d. ++4, Photograph e. 


oo 
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decision between adjoining grades, between 1 plus and doubtful, or between 
doubtful and negative, as in most precipitation and flocculation tests, is a matter 
of judgment. With experience, satisfactory agreement among technicians, and 


replication are possible in all but the borderline cases. 
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REPORTING 


In this paper serums are classified simply as positive or negative. For clinical 
use, reporting as 1, 2, 3 or 4 plus has advantages (Plate 1). Serums showing 1-plus 
and 2-plus reactions have sometimes been called weakly positive, and 3-plus, 
and 4-plus reactions strongly positive. Doubtful and negative results have been 


SO reported. 


EXPERIMENTAL RESULTS 


The results of testing various groups of serums are shown in Table 2 as they 
relate to the questions of specificity and sensitivity of this test. 

Specificity. A relatively large experience has been accumulated with the use of 
the test in routine serum collections made in normal hospital and clinic practice. 
In certain of these, intensive clinical and parasitological follow-up of cases 
showing a serologically positive result has been possible, in others not. The more 
complete the study of these cases, the more the serological positives are confirmed 
as amebic infections. Table 2 presents data which suggest a very high degree of 


specificity and almost a total absence of false positive results from this test in 


over 2,400 serums tested. 

It is most impressive that 6 out of 44 serologically positive cases were confirmed 
by evidence of abscess, or a long history of illness that responded to treatment, 
although the stools were never found positive. Even though the stools were 
negative, the serological results must be considered specific and not “‘falsely”’ 
positive in these six cases. 

In series run to evaluate the test, serums were presented to the author on cases 
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TABLE 2 


Results of routine use of the precipitin test for amebiasis 





Cases Positive by Precipitin Test 


Adequately 
followed-up 
parasito- Sus- | Status 
logically or | pected | un- 
clinically ame- | known 
and found biasis | Num- 
Number) ber 


Negative! by 


Total Serums Tested Precipitin Test 


“ oO i - legs - 
Place Number Number : Number Posi Nega 
>g. tive tive 


Moan Lab (Moan) 763? 719 94.2 | 44 .8 | 433 1 
USNH-SD (Griffith). 300 300 | 96. (12) / 2 0 
Valley Lab (Graham) 1469 1429 ‘ 40 2. 29 0 
A gastrointestinal 

ward® (Moan) 50 (cases) 39° | 78.0 | 1l 22. 0 


1 Very few of these specimens were followed up by parasitological examination. This 
series does not disclose sensitivity or failure to detect positive infection. No amebiasis 
cases however are known to have shown this negative result. 

2 Serums previously examined by other laboratories with this test are not counted a 
second time here. Many more tests have been done in confirming work of others and check- 
ing replicability. 

3 As many as 11 stool examinations were needed to confirm some of these. Four were 
positive by culture after six negative stool examinations, but each was later found positive. 
One was confirmed sigmoidoscopically. Three positives in abscess cases were confirmed, 
two by clinical examination and X-ray, one by autopsy. Three were stool negative, but 
clinically ill with typical symptoms over long periods. In each, these symptoms disap- 
peared after treatment and a subsequent test was negative. 

* Represents 12 cases on whom 16 sera were run. 

5 Graduate Hospital, University of Pennsylvania, tests done by author. 

6 No cases clinically diagnosed as amebiasis fell in this group. 

7 There was one amebic abscess in this group. 


previously determined to be stool-negative, randomly mixed with serums from 
known positive cases or carriers. Two of these series are shown in Table 3, and 
support the view that this is a highly specific test. 

The remainder of the evaluation-type series listed below produced very unsatis- 
factory results due to an ill-advised attempt to read serums which were not clear. 
Unfortunately it was not realized that spontaneous precipitation occurs under 
some conditions of aging, storage, and handling of serum until after several of 
these series were completed. They are listed for completeness of the record. 
Most were in old stored serums and do not have the validity of the series in 
Tables 2 and 3. It is obvious that the results recorded in Tables 2 and 3 could 
never be produced by a test which gives 40 to 80 per cent false positive results. 

Specificity studies should be run on persons ill with other diseases, as well as 
on healthy persons. In the hospital and clinic series reported in Table 2 there 
were doubtless many ill people whose illness obviously did not cause a false 
positive result. Limited data are in the author’s hands of tests run on persons 
known to be suffering from specific diseases other than amebiasis. Table 5 
presents such results as are known, by diagnosis. 





JEANNE C. MOAN 


TABLE 3 


Precipitin test results in persons stool-negative, evaluation series 


Precipitin Test Results 
Serums from Persons Stool-Negative Number Tested 


% Pos. No neg % Neg. 


Sawtelle, VA Hosp. 1952! 37 0 37 100 
Atlanta 1953? 30 0 30 100 





1 Read blindly by the author in a mixed run of 49 serums containing positives and 
negatives. 

? Read blindly by the author in a mixed run of 184 serums containing over 100 positive 
results. 


TABLE 4 


Unsatisfactory results with serums from stool-negative persons in evaluation series 


; , sit No. | No. Per Cent 
seneuns Type Year Diagnosis tested Pos. | False Pos 


‘ a en Le ee ee ail 
NIH Stored serums 1952 | “No amebiasis” | 33 | 22 | 66 
CDC Staff ..| Stored serums* 1953 Stool negative 41 25 61 
New Orleans.... Stored serums 1955 | Stool negative | 12 10 | 8 
New Orleans | Fresh serumst 1955 | Stool negative | 45 18 | 40 





* It was demonstrated after this run was complete that some of the serums contained 
more precipitates than the serum-antigen mixture. These 61% ‘‘false positive’’ results 
occurred in the same mixed run of Table 3 (2), 184 serums, where there were 30 negative 
readings in 30 stool-negative fresh serums. 

t Twenty-six of these serums had many RBC’s and confusing debris that could not be 
spun down. They should have been eliminated. 


Sensitivity. Sensitivity is rather more difficult to evaluate than specificity for 
several reasons. Even though amebae may be present in the stool, they may be 
merely commensal parasites, with very little or no invasion of the tissues, and 
therefore of no clinical significance. These cases should be sero-negative. Many 
asymptomatic carriers doubtless fall into this group. On the other hand, some 
people may tolerate more tissue invasion than others without noticeable symp- 
toms. Some “asymptomatic” carriers of this type will have enough invasion to 
produce or maintain a detectable level of antibody. At its present level of sensi- 
tivity, this test has been positive in 45 to 60 per cent of asymptomatic carriers. 
Table 6 presents some of these data, developed in evaluation-type series and 
elsewhere. It is clear that this test will weed out some, but apparently not all, 
cases with asymptomatic parasitization. 

Serological results in acute amebic dysentery may be quite unpredictable since 
antibody formation takes time. If serums are obtained early in the disease, 
shortly after the first invasion of tissues, they should all be negative. If obtained 
late, they should all be positive. In cases of relapse or reinfection, the time of 
appearance will be shortened. The results of this test in acute amebic dysentery 
in evaluation series to date are shown in Table 7. 

It has been almost impossible to obtain serums for evaluation that can reason- 
ably be expected to be positive, without resorting to stored serums. The best 
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TABLE 5 


Precipitin test results in certain known diagnostic conditions 


Diagnosis No. Tested No. Positive 
Syphilis 
Tuberculosis 
Brucellosis 
E. coli infection 
Paratyphoid A 


TABLE 6 


Precipitin test results in asymptomatic carriers 


Source Tested by No. Tested 


No. Pos. | Per Cent Pos. 





NAMRU #3 NAMRU #3 12 58 
New Orleans 1955 Moan 14 50 
McHardy McHardy* 38 45 


* Data from paper by McHardy (1956). 


TABLE 7 


Precipitin test results in acute amebic dysentery 


. No. No. | ; 
Source Tested by Tested Pos. — 


NAMRU #3 NAMRU #3 : | 100 
Durban, So. Africa (New Orleans 1955) Moan 27 
McHardy oe McHardy* 37 





* Data from paper by McHardy (1956). 


series in fresh serums was produced by Dr. W. W. Frye, who obtained 20 such 
serums from stool-positive mental patients in an institution where a severe 
epidemic of amebic dysentery had occurred a few months before, with one death. 
The persons from whom serums were taken were not obviously ill at the time of 
testing, however, (Frye personal communication). They might reasonably be 
considered as probable recent infections, clinical history unknown. Nineteen of 
the 20 were positive by the precipitin test in a mixed blind run of 102 serums 
tested by Moan in 1955. The experience with stored serums is included for what 
it is worth in Table 8. The 1953 series and second NIH series were in runs that 
showed many false positives in stool-negative, stored serums, due to spontaneous 
flocculation which had already occurred in the serum. Some of this flocculation 
may have entered into the stool-positive results as well. 

In normal clinical laboratory work, the author has found 5 positive results in 
5 cases of liver abscess (one confirmed at autopsy), and never a negative result 
in cases diagnosed chronic amebiasis. This experience was limited to cases in 
California and Pennsylvania where asymptomatic infections with ameba are 
rare and therefore less likely to lead to erroneous diagnoses of chronic amebiasis. 

The author has observed that the heaviest precipitates, often grossly visible, 
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TABLE 8 
Precipitin test results in clinical amebiasis (not acute dysentery) in 
evaluation-type (blind) series 


- I os 
Source Type Diagnosis Tested | = 
. 


New Orleans 1955. . Fresh Convalescent amebiasis | 20 | 19 
NIH first series 1952...........| Stored Clinical amebiasis | 16 14 
Sawtelle VA 1951 .....-.| Stored Clinical amebiasis 12 | 12 
NYC-HD .| Stored 10 | 10 
CDC (Korea) ..| Stored | Amebic dysentery | 89 
Atlanta 1953 Stored Amebic dysentery | 97 
NIH second series......... ..| Stored* Amebiasis 38 21 | 





Note: all of the above tests were done by the author. 
* These serums were especially deteriorated after 5 days in ordinary mail in the middle 
of August. No attempt should have been made to read them. 


usually occur in persons most severely ill, and the weaker positive test results 
are found in persons with milder or less serious symptoms. After a successful 
treatment the test becomes negative, usually in a matter of a few weeks. In 
cases of clinical relapse that have been observed, the test becomes positive with 
every relapse. 

Occasionally there has been noted a brief increase in the degree of positivity 
of this test a few days after specific anti-amebic therapy is started. This is prob- 
ably due to the antigenic stimulus of sudden death and disintegration of large 
numbers of amebae in the tissues. When seen, this is believed to constitute 
diagnostic confirmation. Usually a low-titered or weakly positive test reverts to 
negativity in two or three weeks after cure, while cases with high levels of anti- 
body should be expected to take longer to reach negativity. The following case 
history illustrates the diagnostic value of this test as well as the fall of high titered 
antibody after treatment. 


ILLUSTRATIVE CASE HISTORY? 


Case No. 1. B. A., male, age 37, had intermittent low fever accompanied by 
shaking chills and perspiration from July 23, 1956. He failed to respond to anti- 
biotics. There were beginning localizing signs, i.e., gradual liver enlargement, 
with pain in the upper quadrant referred to the right shoulder on deep inspiration 
starting in early October, 1956. There was one short spell of bloody diarrhea in 
October, attributed to hemorrhoids. 

He was referred to Dr. L. M. Tocantins for consultation on October 30, 1956, 
at which time he showed fever, enlarged axillary lymph nodes, right sided eleva- 
tion of the diaphragm and displacement of the liver downward, shown by physical 
examination and X-ray. Laboratory studies showed moderate hypochromic 
anemia, slightly abnormal liver function tests and elevated globulin and gamma- 


2 Received by the author from Captain R. W. Babione, MC, USN, based on data and 
serums kindly furnished by L. M. Tocantins, M.D., Jefferson Medical College, through 
the assistance of Captain J. 8. Cowan, MC, USN. 
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globulin; stools showed no eggs or parasites, although amebae were specially 
searched for. 

Hepatoma, amebic abscess, and lymphoma were considered. On November 7, 
while an attempt was being made to do a needle biopsy of the liver, the needle 
entered a cavity from which fluid entered the syringe under pressure. In all, 300 
ml. of dark viscid material was evacuated, having a color a little lighter than 
anchovy paste. No malignant cells or amebae were found in the fluid, only 
necrotic hyaline material. 

Chloroquine was started and in two days the temperature returned to normal 
where it has remained to date (29 January 1957). Over the next two weeks, ap- 
petite improved rapidly, the liver steadily decreased in size, and abdominal 
distention disappeared. This response to chloroquine was considered to justify 
the diagnosis of amebic abscess. (This case makes five, all sero-positive, in the 
author’s liver abscess group, all of which were stool negative). 

Serums were collected for the precipitin test on November 8, 23, 30, and De- 
cember 4. These serums were forwarded to the Naval Hospital where they were 
randomly mixed with 21 other serums and sent to the author’s laboratory on 
December 20, 1956. They were tested blindly on this date, and reported. On 
January 10, 1957, three of these serums, whose source was still unknown to the 
author, were randomly mixed with 20 others, and were again tested blindly and 
independently by D. E. Armstrong, HM 1/c, U. 8S. Navy. The results of these 
tests were as follows: 

Serum of B. A. reese —— ssn 
11/8 ++++* at 
11/23 +TT Tt Tr 
11/30 +++ borderline ++ or +++ 
12/4 +++T not tested 
* Positive in 1:32 dilution. 
+ Negative in 1:2 dilution. 


The patient has continued to gain weight on chloroquine, and when seen on 
January 29, 1957, had gained 10 lbs. in the preceding 6 weeks. Further follow-up 
serums were not obtained until January 29, 1957, when the test was negative. 

On the remaining 20 serums tested blindly in duplicate by Armstrong and the 
author, 3 to 10 weeks apart, there was complete agreement, amounting to exactly 
the same readings +-+-+-+ to Negative, in all but two instances. One, read + 
by the author, was recorded as Negative by Armstrong. The other was read first 
as Positive (contaminated) by Armstrong, but rechecked as Negative (con- 
taminated) by the author. On rechecking his reading, Armstrong concurred that 
specific precipitates were absent. Many had developed considerable bacterial 
contamination in the refrigerator, but were not misread by Armstrong. 


DISCUSSION 


Craig and Faust (1951) and others have pointed out the possibilities of a 
serological test for amebiasis, but none has recommended any test for general 
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use because they were all so complicated that they required highly skilled 
serologists, and seemed to give a relatively large percentage of false positive and 
false negative reactions. In addition, they were expensive and time-consuming. 
This test is vastly simpler, quicker, and can be done in any laboratory. Its 
results need to be viewed with due regard for possible amebic infections without 
clinical manifestations and vice versa, for intestinal or extra-intestinal infection 
with negative stools, and with consideration of time factors in the development 
and disappearance of antibodies. It is believed that much of the confusion and 
disappointment in this and other serological tests for amebiasis stem from failure 
to keep these basic principles in mind. 

As has been pointed out recently (McHardy, 1956), “an immuno-diagnostic 
method for determining significant parasitization with EF. histolytica would be 
most desirable ... [because] even when £. histolytica is unquestionably found 
in a fecal specimen [the clinician] often has difficulty attributing symptoms to 
this parasite’s presence.’’ One must recognize that no immuno-diagnostic method 
will ever do more than detect antibodies when they are present. In amebiasis, 
a good serological test should be negative until invasion of tissues has existed 
long enough and to a degree sufficient to stimulate antibody formation. In acute 
amebic dysentery, especially early in first attacks, the reactions should be nega- 
tive. This is not a serious drawback, since acute amebic dysentery is normally 
simple to diagnose by stool examination. The results of this test in the group of 
individuals having acute amebic dysentery have been entirely within the range 
of expectation. 

It is however the cases presenting diagnostic problems which determine the 
usefulness of a test. One class of diagnostic problems is represented by the case 
which shows amebae in the stool, but has no symptoms attributable to amebiasis. 
The results of this test in asymptomatic carrier groups have shown some promise 
of help with this problem. If anything, the 40 to 55 per cent of negative results in 
asymptomatic carrier groups should be a welcome finding to the clinician, who 
often wonders whether the positive stool examination in a given case has clinical 
significance. Obviously, the test is not able to do more than reduce the size of 
this group of diagnostic problem cases. On the other hand, if it can be assumed 
that many asymptomatic carriers have experienced negligible tissue invasion, 
asymptomatic carriers cannot be used for evaluating the sensitivity of a serologi- 
cal test. Furthermore, if there have been, as is admitted, errors in diagnosing 
cases in which, although amebae were present in the stools, the symptoms were 
not due to this parasite, one would prefer to have this or any other serological 
test give negative results in this type of case. Thus results in diagnostic problem 
cases which are stool-positive but serologically negative should not automatically 
be considered serological failures, but should be evaluated with the greatest 
diagnostic care. 

One immunological factor which would cause apparent false negative results 
is the prozone phenomenon, in which a very high level of antibody (great anti- 
body excess) can prevent the formation of specific precipitates. This has not been 
studied but should be borne in mind as a possibility, for example, in Dr. Mc- 
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Hardy’s low percentage of serologically positive results in ‘surgically proved” 
amebiasis. Dilution of the serum might increase the amount of precipitate formed 
in such cases. 

In the true clinical amebiasis group of individuals or any group where tissue 
invasion of subacute or chronic duration can be reasonably postulated, antibodies 
should be regularly present, and the data above, though not extensive, show 
results which assure a useful degree of sensitivity. Whether the present test 
could be improved to achieve a greater degree of sensitivity without running the 
danger of false positives, is yet to be determined. Here again, this test will show 
its greatest usefulness in those diagnostic problem cases which are clinically 
ill with amebic invasion, but whose stool examinations are negative. Its record 
in liver abscess cases in the author’s hands encourages one to hope it may at 
times be life-saving. 

To provide a dependable serological result in a stool-negative amebiasis 
case, the ideal test should be highly specific. This means it should never show 
false positive results, i.e., positive results in the absence of specific antibodies. 
When run on clear serum, this test has shown virtually no positive results in 
cases that were not confirmed as amebiasis when adequately studied. 

Another source of confusion is the course of reactions after treatment. Serologi- 
cal reactions will remain positive for an undetermined period after the termination 
of the tissue-invasive stage, but they should eventually become negative after 
clinical cure whether the parasite is completely eradicated or remains a com- 
mensal parasite in the bowel. However, some of the “apparent’’ asymptomatic 
carriers may continue to have sufficient invasion to maintain detectable antibody 
levels, and even were the stools to become negative in cases with invasive infec- 
tions, these could, on rare occasions, remain serologically positive provided the 
extra-intestinal infection were not eradicated. Our very limited experience with 
this test indicates that cured cases revert to negativity, usually in a matter of 
weeks. Relapses (or reinfections) have regularly shown seropositivity along with 
their renewed symptoms. 

In spite of reasonable conformity of results of this test to the expected course 
of serological developments after treatment, cured cases are not suitable for 
evaluating the specificity of a serological test. For evaluating specificity, the 
preferred group would be persons from areas of low incidence, with negative 
histories. All such cases showing serologically positive results should be com- 
pletely studied to confirm or rule out amebiasis. Where this has been done, 
specificity of a very high order has been demonstrated. Excluding 18 positive 
tests in 45 serums of one run, and 3 runs in stored serums which were not all 
clear initially, false positive results in thousands of tests including some in mixed 
blind runs have been below 1 per cent in the gross, and when the seropositive 
cases not adequately studied are eliminated, the false positive results approach 
zero. A word of caution is repeated. Since the test is read by observing a micro- 
scopic precipitate, the serum must be initially clear and free from bacteria and 
other debris or precipitates. Given this clarity, it works equally well in stored and 
in fresh serums. When in doubt, the serum-antigen mixture should always be 
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compared with the same serum mixed with saline. If the serum-saline mixture 
is not clear, it is always best to get a new specimen. 


SUMMARY 


A simple and rapid precipitin test for significant clinical infection with Enda- 
moeba histolytica is described. A drop of clear serum is mixed with a drop of clear 
antigen. A specific precipitate, observed by microscope, is the basis of a positive 
test. The test, as expected, is frequently negative in acute amebic dysentery 
and, desirably, it is often negative in the asymptomatic carrier state, permitting 
an exclusion of up to 50 per cent of individuals who harbor this parasite without 
symptoms. When tissue invasion has presumably occurred, in series other than 
acute amebic dysentery, the test has shown 85 to 100 per cent positive results in 
several series diagnosed as clinical amebiasis; 95 per cent positive results in one 
series of stool-positive persons who had recently gone through a severe epidemic 
and 5 out of 5 positive results in liver abscess cases. In serums which are clear 
initially, false positive results are virtually nonexistent. 

Certain principles and precautions in evaluating and using the test are stressed. 
More experience is needed, chiefly in the area of the sensitivity of the test in 
clinical disease of various types and degrees of severity, because as yet little 
work has been done in determining antibody response to different degrees of 
invasion of tissues by E. histolytica. Also useful to know, but yet to be determined, 
are the time of appearance of detectable antibody in new cases, and its persistence 
or time of disappearance after cure. 


ACKNOWLEDGMENTS 


The author gratefully acknowledges the assistance of all who provided serums 
for test evaluation and results from their own laboratories. We wish especially to 
thank Drs. Brooke, Wright, and Bozicevitch of the U. 8. Public Health Service, 
and Dr. Frye of Louisiana State University, for serums provided and generous 
arrangements made in several evaluations; Lieut. P. M. Griffith of San Diego 
Naval Hospital, and Mr. Angus Graham of Valley Medical Laboratories for 
results of their routine use of the test; the Research Division of the Bureau of 
Medicine and Surgery for arranging the Cairo studies when the test was in 
disfavor; and Cmdr. R. E. Kuntz, MSC, USN, for his present valued coopera- 
tion in further evaluating the test. Especial thanks are offered Capt. R. W. Ba- 
bione, MC, USN, whose assistance in analyzing the significance of the various 
results made this paper possible. 


REFERENCES 


Craia, C. F., 1928. Observations upon complement fixations in infections with Endamoeba 
histolytica, Proc. Nat. Acad. Sci. 14: 520. 

Craia, C. F., 1948. Laboratory Diagnosis of Protozoan Diseases, Phila., 2nd Ed., p. 107. 
Lea & Febiger. 

Craia, C. F., ano Faust, E. C., 1951. Clinical Parasitology, Phila. Fifth Ed., p. 99. Lea 
& Febiger. 





SEROLOGICAL DIAGNOSIS OF AMEBIASIS 513 


HEATHMAN, L., 1932. Studies of antigenic properties of some free-living and pathogenic 
amebas, Am. Jour. Hyg. 16: 97-123. 

McHarpy, G., 1956. The Moan precipitin test for amebiasis. Editorial in Gastroenterology, 
Vol. 30, No. 3. 

MENENDEZ, P. E., 1932. Serological relationships of Entamoeba histolytica, Am. Jour. 
Hyg. 16: 785-808. 

SHerwoop, N. P., anp Heatuman, L., 1932. Further studies on antigenic properties of 
pathogenic and free-living amebas; complement fixation on amebic dysentery, Am. 
Jour. Hyg. 16: 124-136. 





STUDIES ON MALARIA IN CHIMPANZEES 
II. Pitasmopium vivax' 
R. 8. BRAY 
Liberian Institute of the American Foundation for Tropical Medicine, Harbel, Liberia 


Since the discovery of exo-erythrocytic schizonts of a malaria parasite in the 
liver of a chimpanzee nine months after inoculation with sporozoites of P. vivax 
by Rodhain (1956) it has been reasonable to hope that the liver of chimpanzees 
would support the growth of all species of human plasmodia. It was decided 
therefore to attempt to demonstrate the pre-erythrocytic stages of human 
malaria parasites in the liver of chimpanzees, beginning with P. vivaz, and ascer- 
tain if the techniques were suitable for a wider investigation of these stages than 
has been possible in the past. 


PRODECURE 


One hundred and twenty Anopheles maculipennis atroparvus were infected 
with the Madagascar strain of P. vivax and flown from London to Liberia. The 
rate of infection was 70 per cent, and the density was very high. When sporozoites 
appeared, the salivary glands of the 35 surviving mosquitoes were dissected out 
and inoculated intravenously into a chimpanzee, Pan troglodytes verus, estimated 
age 2 years, No. 6 in our series. Two of the A. atroparvus had been allowed to 
feed previously on a nonimmune volunteer. Eight days after inoculation a liver 
biopsy was performed on Chimpanzee No. 6 by open laparotomy. The liver 
material was fixed in Carnoy’s fluid and sent to London, where it was sectioned, 
stained by the Giemsacolophonium method, and examined by Professor P. C. C. 
Garnham of the London School of Hygiene and Tropical Medicine. 

Both mosquitoes fed on the volunteer showed sporozoites in the salivary 
glands and one parasite was found in the volunteer’s blood on the 15th day after 
infection. No more parasites were seen until the 31st day, when a certain number 
of trophozoites and gametocytes of P. vivaz were found. The volunteer had a 
clinical attack on the 32nd day and the infection was halted by chloroquine 
therapy followed by primaquine. 

No parasites were found in the liver of the chimpanzee and none were found 
in the animal’s blood over a three-and-a-half month period. The untreated 
animal was then transferred to another experiment which involved the inocula- 
tion of sporozoites of P. malariae and subsequent splenectomy. Sixteen days 
after splenectomy and 130 days after infection with P. vivar the animal showed a 
scanty parasitemia which quickly built up to a heavy blood infection with P. 
vivax. The parasitemia reached a maximum of 15,000 parasites/cu. mm. of blood 
on the 8th day of patency and at this time large numbers of gametocytes began 
to appear. Parasites of P. vivax persisted in the blood for 47 days, with recrudes- 
cence of parasitemia 36 days later, and a relapse with parasitemia 42 days after 


1 This investigation was supported by a research grant (RG-4533) from the National 
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the disappearance of the recrudescence, or 259 days after inoculation. A piece of 
liver was obtained by biopsy 270 days after inoculation but no exo-erythrocytic 
schizonts were found in 120 sections. 

On the 15th day of patency of the P. vivax infection, P. malariae schizonts were 
seen for the first time, after long search. On the 23rd day of patency of this infec- 
tion, the numbers of P. vivax began to drop, and of P. malariae to increase 
sharply. 

Laboratory bred Anopheles gambiae were fed on this chimpanzee on the 3rd 
and 6th day of patency and a batch of 500 A. gambiae were fed on the 12th to 
the 15th day of patency when numerous gametocytes of P. vivax were present. 
Microgamete formation had been demonstrated on the 9th day of patency. 

Of those fed on the 3rd day of patency, 50 per cent were found to be infected 
with typical oocysts of P. vivax and sporozoites appeared in the salivary glands 
11 days after feeding. Of those fed on the 6th day of patency, sporozoites ap- 
peared in the glands of two out of the three survivors on the 14th day after feed- 
ing. The large batch fed on the 12th to the 15th day of patency showed an 85 
per cent infection, with 100 or more oocysts per gut; sporozoites appeared in the 
glands 9 days after infection. 

Eleven days after infection the salivary glands of the 140 surviving A. gambiae 
from the large batch were dissected into a 15 per cent mixture of inactivated 
human serum in Locke’s fluid. These were inoculated intravenously into Chim- 
panzee No. 2 (estimated age 2 years) which had lost its spleen six months previ- 
ously. At the same time, 4 of these A. gambiae were fed upon a nonimmune 
volunteer (R. S. B.). Eight days and 15 days after infection, liver pieces were 
removed from Chimpanzee No. 2, treated as before, and stained by the Giemsa- 
colophonium and the Feulgen-light green methods. Chimpanzee no. 2 displayed 
rings and trophozoites of P. vivax in its blood 7 days and 23 hours after infection. 
The nonimmune volunteer showed P. vivax parasites in his blood 9 days after 
infection and suffered a full paroxysm on the 10th day. His attack was inter- 
rupted with chloroquine but a relapse occurred 40 days later. Parasitemia in 
Chimpanzee No. 2 lasted 20 days and the animal showed clinical symptoms. 
Twenty four days after apparent recovery the animal had a recrudescence of the 
blood infection and has continued to have recrudescences intermittently for four 
months. Unless otherwise stated, all chimpanzees were treated with full curative 
courses of chloroquine and primaquine prior to experimental infection. 


THE Bioop Forms or P. vivax IN THE CHIMPANZEE 


The picture presented by P. vivax in the blood of chimpanzees is typical. 
After about 24 hours of growth the trophozoites become typically ameboid and 
there is gross enlargement and Schiiffner’s stippling of the host erythrocytes 
which also show a tendency to assume an oval shape. There is a considerable 
amount of double invasion of erythrocytes. Merozoite counts range from 18 to 
26. Two deeply staining blocks of unequal size could often be seen within the 
nuclei of the 12- to 16-nucleated schizonts. Macrogametocytes were normal but 
the mature microgametocytes occupied only half of the area of the host erythro- 
cyte. Despite this the microgamete formation was normal. The schizogony cycle 
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as far as could be determined occupied about 46 rather than 48 hours, and mero- 
zoite release which occurred at about 8 p.m. at first was occurring at 10 a.m. 
towards the end of the attack. 

By the 9th day of patency whole schizonts and pigment could be found in 
mononuclear leucocytes. In the first animal, parasites persisted for 15 days 
after the crisis of the infection but in the second, the decrease in the number of 
parasites was much earlier and more rapid. 

Tue Tissue Forms or P. vivax IN THE CHIMPANZEE 

The appearance of trophozoites of P. vivax in the peripheral blood of Chimpan- 
zee No. 2, seven days and 23 hours after infection, made it obvious that a number 
of pre-erythrocytic schizonts had ruptured before the expected time of eight 
days when the first liver biopsy was performed. This deduction was borne out 
clearly by the appearance of the liver section where immature, premature and 
mature pre-erythrocytic schizonts and released pre-erythrocytic merozoites 
were found. On this evidence it can be said that the length of the pre-erythro- 
cytic cycle of P. vivax in Chimpanzee No. 2 was about seven and one-quarter 
days. The estimated concentration of all forms of the pre-erythrocytic schizonts 
found in the chimpanzee was approximately 20,000/cu. cm. of liver tissue. 

The immature schizonts ranged from three retarded forms (19 x 18y, 31 x 27y, 
33 x 30u) to many typical 8-day-old P. vivax schizonts. These included two 
distinct stages. The first were similar to, but larger than the 7-day-old forms 
demonstrated by Shortt and Garnham (1948A). They usually contained one or 
two large vacuoles and occasionally numerous small vacuoles arranged around 
the greater part of the periphery of the parasite. The cytoplasm was abundant 
and sometimes collected into darker staining aggregations. The nuclei were 
relatively sparse and in various typical shapes. When stained with Giemsa, some 
appeared as darkly-staining purple bars, others as red bars, and a few showed 
intermediate color stages. A lesser number were more or less spherical or oblong 
and were stained a deep red. The Feulgen reaction faintly stained only a few 
barshaped nuclei which obviously correspond to the purple bars of the Giemsa- 
stained schizonts. No clefts occurred. This is the equivalent of the 7-day-old 
and early 8-day-old pre-erythrocytic schizonts of P. vivax and P. cynomolgi 
described by Shortt and Garnham (1948A) and Bray (1956). These stages of 
P. vivax, however, were ovoid with very few exceptions and averaged 52y x 44y 
as compared to the comparable stages of P. cynomolgi which are roughly circular 
and measure an average of 42u in diameter. 

The next stage is the premature stage in which the nuclei have completed 
their final division but with little or no change in shape or increase in overall 
size. The vacuoles have disappeared, the cytoplasm is less densely stained and 
there are no cytoplasmic aggregations. The nuclei are largely in the shape of 
short bars, some nearly round. They are densely packed in the schizont and 
stain deeply with Giemsa and faintly with Feulgen stain. This stage is of very 
short duration and comparatively few representatives of it could be found. The 
nuclei swiftly elongate slightly to bars or loops and the cytoplasm breaks up 
and apparently condenses upon the nuclei (though, by analogy with other sporo- 
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zoa it seems more probable that the nuclei enter a particle of cytoplasm). This 
process of merozoite formation is over in a very short time and its separate 
stages have not been observed nor can they be deduced. 

The mature schizont is ovoid and of the same dimensions as the previous 
stages. The schizont is tightly and haphazardly packed with spherical merozoites 
which measure 1.14 to 1.44 in diameter. The merozoite consists of a bar or are of 
Feulgen positive nucleus which forms part of the border of the parasite, and a 
loop of cytoplasm which completes the sphere. There is no vacuole, although the 
cytoplasm becomes very tenuous and almost invisible as it approaches the centre 
portion of the bar of nucleus. 

All the schizonts described had shrunk away to a greater or lesser degree from 
the enclosing host cell wall due to fixation. For this reason the schizonts in vivo 
may be larger than the dimensions given. In fact, the space left after rupture of 
the host cell and release of the merozoites measured an average of 65u x 54u. 

No patterns of nuclei or septa formation of the cytoplasm can be seen in any 
of the stages. There is no reaction in the surrounding tissue. Like P. cynomolgi 
but in distinction to P. ovale no hypertrophy or change occurs in the host-cell 
nuclei. 

When the host cell ruptures and the merozoites are released, the picture alters 
abruptly. The whole space formerly occupied by the schizont and the surrounding 
sinusoids become flooded with merozoites. Phagocytes invade the area promptly. 
This process has been described fully by Garnham and Bray (1956). All that can 
be added here is that phagocytized merozoites were identified in two types of 
cells, monc uclear phagocytes and polymorphonuclear leucocytes. The merozo- 
ites present a different picture when released from the host cell. The nucleus 
stains a deep purple with Giemsa and is rather more Feulgen positive. The size 
of the merozoite is 0.8u—1.2u. Both the deeper stain and the shrinkage are no 
doubt due to the exposure of the parasite to the stain and to fixation respectively. 
The last stage to be seen is an area of infiltration in which sometimes a few stray 
merozoites can be seen. 

Schizonts were found in the liver tissue taken 15 days after inoculation. The 
number of these represented a great drop from the number of pre-erythrocytic 
schizonts seen on the 8th day after inoculation. These forms could be found at the 
rate of one in every 20 sections and numbered approximately 500/cu. cm. of 
liver tissue. They resemble the first two stages of pre-erythrocytic schizonts 
described above and no morphological differences occur which distinguish them 
as second generation forms. Two areas of released merozoites seen were of a 
similar size to those seen in the 8th-day material. 


DISCUSSION 


It is obvious that the liver of the chimpanzee provides an excellent medium 
for the growth and study of the exo-erythrocytic forms of P. vivax. Whether or 
not the lack of a spleen was a factor in the heavy concentration of tissue forms 
obtained in the present experiment cannot be determined. The present work 
and that of Garnham, Lainson and Gunders (personal communication, 1956) 
also establishes the splenectomized chimpanzee as an excellent experimental 
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host for all the schizogony and gametogony stages of P. vivax. The blood infection 
reached considerable heights in the present experiment, numerous gametocytes 
were produced and these in turn caused very heavy infections in mosquitoes. 

A. gambiae was established as an excellent laboratory vector of P. vivax, as was 
to be expected from the field work of Soper and Wilson (1943). 

The tissue forms of P. vivax in the chimpanzee resemble the equivalent forms 
of P. cynomolgi except in their consistent oval or ovoid shape. The schizonts 
found in the liver on the 15th day are all about the same size and are equivalent 
to the early 8th day pre-erythrocytic schizonts. The only factor militating against 
the conclusion that these forms represent the second generation is the presence of 
retarded forms in the 8th-day material. It would be expected, however, that 
such forms as were seen would burst only a few days after the normal time. There 
were probably still smaller forms undetected on the 8th day but it would be 
unlikely that such forms would show a consistent size and appearance in the 
15th-day material. For these reasons the schizonts seen in the 15th-day material 
are accepted at present as being second generation forms, establishing the per- 
sistence of P. vivax in the liver and adding weight to the thesis of Shortt and 
Garnham (1948B) that it is this persistence of the tissue phase which brings 
about the relapses caused by P. vivax infections. 

Some remarks should be made about the appearance of the nucleus in the 
various forms of P. vivax described. The two unequal blocks of deeply staining 
chromatin described within the nuclei of the 12- to 16-nucleated blood schizonts 
are undoubtedly the structures described as chromosomes by Wolcott (1954, 
1955). 

The variations in stain uptake by the nuclei of the pre-erythrocytic schizonts 
of P. cynomolgi have been discussed elsewhere (Bray, 1956). The pattern of P. 
vivax is the same. The deeply staining bars in the immature stages which also 
show a faintly positive Feulgen reaction are the nuclei about to divide. All the 
remainder of the nuclei are at rest from the point of view of division. The nuclei 
must collect desoxyribonucleic acid (DNA) rapidly but not in large quantities 
immediately prior to division and shed it equally rapidly after division unless 
the new nuclei are part of an end product of schizogony (i.e., a merozoite or 
sporozoite) when the DNA is retained in the nucleus of the daughter form. This 
amount of DNA to be found in the merozoites is still small in quantity compared 
with P. inut (Bray and Garnham, 1953). 

Some of the queries raised by the work of Rodhain and Dellaert (1955A, 
1955B) and Rodhain (1956) can now be answered. It is shown that a sub-micro- 
scopic infection of P. vivax can remain in the blood of chimpanzees for at least 
130 days.? The size of the exo-erythrocytic schizonts of P. vivax (up to 8ly x 32y) 


? It is assumed that the source of the blood infection following splenectomy was erythro- 
cytic and not exo-erythrocytic. The Madagascar strain of P. vivaz is a long-term relapse 
strain and if a primary blood infection does not occur early, then it is deferred for approxi- 
mately 9 months. It appears, then, that tissue forms do not initiate a blood infection in 
the intervening months and any patent infection in the blood in that period is a recrudes- 
cence of an existing blood infection. 
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described by Rodhain (1956) in a chimpanzee presents no difficulties, as P. 
cynomolgi schizonts nearly as large have been seen three-and-a-half months 
after infection, and first generation forms of P. cynomolgi have been described 
which exceed this size (Shortt, Bray and Cooper, 1954). 

The behavior pattern of P. vivax in various mammalian hosts is now fairly 
clear. Garnham and Bray (1956) have shown that the lower apes (macaques) 
will support neither the blood nor the tissue stages of P. vivax. Rodhain’s obser- 
vations (1956) and those here presented have shown that higher apes (chimpan- 
zees) will support the growth of the tissue stages of P. vivax and will support sub- 
microscopic levels of the blood stages up to at least 130 days after infection. 
Furthermore, in the chimpanzee after removal of the spleen the blood forms can 
reach high levels. Finally, man will support fully both the blood and tissue 
forms of the parasite. 


SUMMARY 


The Madagascar strain of Plasmodium vivax was studied in two sporozoite- 
infected splenectomized chimpanzees. The parasitemia was high and the erythro- 
cytic parasites were normal. First and second generations of exo-erythrocytic 
schizonts were demonstrated. The 8-day-old, premature, mature and burst pre- 
erythrocytic schizonts are described. The pre-erythrocytic generation of P. 
vivax completed its development in 7 days and some hours in the chimpanzee. The 
parasite was unchanged after passage through chimpanzees and was able to 
infect man. 
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Tulane University School of Medicine, New Orleans, La. 


With the advent of the roller-tube tissue culture technique as applied to the 
isolation and identification of polioviruses (Robbins et al., 1952) it became 
practicable to conduct extensive clinical and epidemiological investigations of 
poliomyelitis. Almost immediately, however, it became evident that viruses 
other than those of poliomyelitis could also be recovered from human feces using 
plasma-clot cultures of human origin (Robbins et al., 1951; Weller et al., 1953), 
and occasional stool specimens were demonstrated to contain more than one virus 
by this technique (Kibrick et al., 1955). 

Following the demonstration of the suitability of the HeLa strain of human 
cancer cells for the diagnosis of poliovirus infections (Scherer et al., 1953) it was 
demonstrated that this widely used cell line would also permit the isolation and 
identification of a number of types of Coxsackie viruses (Crowell and Syverton, 
1955; Sickles et al., 1955) as well as other viruses which are occasionally found in 
the feces, such as herpes simplex (Scherer and Syverton, 1954), mumps (Henle 
and Deinhardt, 1955), and the adenoviruses (Rowe et al., 1955). 

The development and widespread use of tissue cultures of trypsinized monkey 
kidney cells (Youngner, 1954; Rappaport, 1955) was the next major change in 
technique. Herpes simplex, mumps, certain of the adenoviruses, and some of 
the influenza viruses (Takemoto et al., 1955) were found to be cytopathogenic in 
monolayer cultures of monkey kidney cells, as well as the truly enteric virus 
groups. Polioviruses 1, 2, and 3 are all easily isolated. Coxsackie viruses, Bl 
through B5 and AQ, are readily recoverable (Sickles et al., 1955) and Al4 has 
been recovered on one occasion (Sabin, 1956). However, it is in the “orphan’’ or 
ECHO virus group (Committee on the ECHO Viruses, 1955; Melnick, 1955; 
Ramos-Alvarez and Sabin, 1955) that monkey kidney cells have proved most 
fruitful. The thirteen original types were recovered from the United States, 
Mexico, Egypt, Philippine Islands and India, and there undoubtedly exist many 
more distinct types among the unclassified strains being recovered currently. 

The use of monkey kidney cells has also introduced a hazard. Rustigian et al. 
(1955) reported the isolation of a serially transferable agent which appeared to 
have originated in the monkey cells themselves. More recently Hull et al. (1956) 
have described a whole array of such agents. Obviously the possibility must be 
seriously considered that any new agent isolated in cells of human or animal 
origin has been introduced with the cells themselves. 


1 Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
2 Presented before the annual meeting of the American Society for Tropical Medicine 
and Hygiene in New Orleans on November 1, 1956. 
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Among the many other tissue culture cell lines which have been used for the 
isolation of viruses from human feces, three deserve mention because of their 
potentially widespread use. Cells derived from trypsinized human amniotic 
membranes (Zitcer et al., 1955) have provided a very useful new system for 
growing polioviruses. The Detroit-6 (Stulberg et al., 1955) and human nasal cell 
(Jordan, 1956) strains apparently have a wide range of viral susceptibilities and 
very recently, using the former line, viral agents have been isolated from patients 
with “clinical hepatitis’’ which may have an etiologic relationship with that 
disease (Rightsel et al., 1956). 

Except for the Coxsackie and polioviruses, the occurrence and epidemiology 
of infections with human enteric viruses in the absence of disease have not been 
investigated extensively. Horstman (1955) reported the recovery in Cairo, 
Egypt, in 1952 of a large number of enteric viruses belonging to the poliovirus, 
Coxsackie and ECHO groups from infants reporting to a public clinic with miscel- 
laneous minor illnesses. Hammon et al. (1955) reported the finding of a very 
confusing array of nonpoliomyelitis enteric viruses in a study of poliovirus 
infections among healthy individuals in the Philippine Islands. Ramos-Alvarez 
and Sabin (1956) isolated large numbers of virus strains from rectal swabs from 
healthy children in Cincinnati, Ohio, and several localities in Mexico. These 
included polioviruses 1, 2 and 3, Coxsackie B4, and ECHO 7, 8, 9, 10, and 11, 
as well as many as yet unidentified strains. These authors also presented data 
showing that, in Cincinnati at least, the incidence of these viruses is greatest in 
very young children, and declines rapidly with age. They also showed that the 
incidence of the enteric viruses was considerably greater in Mexico City and Vera 
Cruz than in Cincinnati at the times the collections were made. Honig and 
associates (1956) reported the first longitudinal study of nonpolio enteric virus 
infections in a group of healthy, preschool children in Charleston, West Virginia. 
They showed that remarkably high infection rates may be attained during sum- 
mer and autumn months, and that marked differences may be found between 
the rates in two different socio-economic groups. 

The present paper will report the isolation of 499 strains of tissue-culture cyto- 
pathic agents from stool specimens collected routinely at monthly intervals from 
normal, healthy children over a period of 2 years. These children constitute the 
group of index children being followed from birth in a long-range study of the 
natural transmission of polioviruses in southern Louisiana (Fox et al., 1956, 
1957; Gelfand et al., 1957). 


MATERIALS AND METHODS 


The population studied, the method of specimen collection, and the technique 
of virus isolation have been reported elsewhere (Fox et al., 1957) and will be but 
briefly reported here. 

Study population. Approximately 150 children were recruited at birth in 1953 
from three separate areas in southern Louisiana: New Orleans, Baton Rouge and 
four semi-rural parishes designated as the Evangeline area. They were intended 
to be representative with respect to socio-economic status and family size. Actu- 
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ally, Negroes as a group and children from medium sized families (with one or 
two older siblings) were considerably over-represented. The white component 
was divided arbitrarily into upper and lower economic groups whereas the 
Negroes were not divided. As a group the Negroes were closely comparable to 
the white-lower group economically but were subject to greater household crowd- 
ing and poorer environmental sanitation. Younger siblings of the original “‘in- 
dex” child, born since 1953, have been followed as “secondary index children” 
wherever possible. 

Isolation of viruses from fecal specimens. In addition to routine blood specimens, 
stool specimens were submitted once monthly from all index babies, with only 
occasional omissions. Twenty per cent emulsions were prepared, and the super- 
nates, with added antibiotics, were stored in screw-top specimen vials at — 20°C. 
until used. Specimens were examined for the presence of viruses by a technique 
suitable for poliovirus isolation, and not optimal for some other fecal viruses. 
All tests were made in primary-outgrowth monkey-kidney-cell films. Identifica- 
tion of isolated agents was attempted using potent type-specific and polyvalent 
poliomyelitis sera prepared in monkeys or rabbits. Transferable agents which 
could not be typed as poliovirus were designated as “‘nonpolio,” and further 
characterization postponed to the future. In many, though not all, instances, re- 
isolation of a nonpoliovirus agent was undertaken to decrease the likelihood that 
the agent was of monkey cell origin. 


RESULTS 


The data to be presented consist essentially of repeated surveys, at monthly 


intervals, of the fecal viral flora of a group of healthy children, and are believed 
to provide some measure of the extent of intestinal viral parasitism in a repre- 
sentative sample of young children in the southern Louisiana area. The results 
are therefore presented in discrete monthly units, although individual episodes 
of infection may have extended over a period of more than one month. Since the 
same population of children was used throughout (with variations due only to 
the loss of some children from the study and the addition of newborn siblings) 
the age of the population was continually increasing during the two-year period. 
The median age was 6 months at the beginning of the study and 29 months at 
the end. 

Table 1 summarizes the results of stool examinations from all children during 
the 24 months, January 1954 through December 1955. The same data are 
presented graphically in Figure 1. A marked seasonal effect, with a predominance 
of positive specimens in the summer and autumn months, is apparent in both 
years, with parallelism between the poliomyelitis and the nonpolio viruses. An 
indication is also given of the variations that may occur from year to year. In 
1954, the percentage of stool specimens with polioviruses rose rapidly to a marked 
peak in July and then gradually fell over a long period extending to the next 
January. In 1955, the seasonal rise was more gradual and not so pronounced. 
Nevertheless, the overall percentage positive was very similar in the two years. 
In the case of the nonpolio viruses there were not only minor differences in the 
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TABLE 1 


Percentage of stool specimens from normal, healthy children in southern Louisiana found to 
contain poliomyelitis and other viruses, by month in 1954 and 1955 
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* Total is less than the sum of polio plus nonpolio because one stool infected with both a 
polio and a nonpolio virus. 

t Total is less than the sum of polio plus nonpolio because three stools infected with 
both a polio and a nonpolio virus. 


monthly distribution of the nonpolio viruses, but also a major difference from 
one year to the next, the rate of isolation in 1955 being nearly twice that in the 
previous year. Not indicated in the table is the fact that polioviruses of each of 
the three types were encountered and with almost equal frequency overall. 
However, there was a preponderance of Type 3 in 1954 and of Type 1 in 1955, 
with Type 2 intermediate in both years. 

From only 8 specimens was more than one virus isolated. The true number 
of multiple infections was undoubtedly much greater, since this finding was al- 
most accidental in view of the technique used. A final statement as to multiple 
infections must await re-examination of each extract from which an identified 
isolation was made, with pre-neutralization of the identified virus in the extract 
by type-specific serum. Since the nonpolio group of viruses encountered here is 
undoubtedly a heterogeneous mixture of many types, some of our isolates may 
even now include more than one virus. 

The differences in virus recovery from stool specimens from the three geo- 
graphic areas are indicated in Table 2. No very distinct pattern is demonstrated. 
While percentages for poliovirus are nearly the same, those for the nonpolio 
viruses vary considerably. Urban New Orleans has the highest rates, urban 
Baton Rouge has the lowest, and the semi-rural Evangeline area is intermediate. 
This was not the result of racial disproportion, since, as compared with New 
Orleans, Negroes were relatively over-represented both in the Evangeline area 
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and in Baton Rouge. Monthly distribution is not shown, but was nearly the same 
in all three localities, with peak rates in the summer and autumn. 
The relationship of readily measurable social variables such as family size and 
race and socio-economic status to enteric virus excretion is shown in Table 3 
30 
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Fia. 1. Percentage of stool specimens from normal healthy children in southern Louisiana 
found to contain poliomyelitis and other viruses in 1954 and 1955. 


TABLE 2 
Percentage of stool specimens from normal, healthy children in southern Louisiana found to 
contain poliomyelitis and other viruses in 1954 and 1955, by locality 
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* Where total percentage is less than the sum of poliovirus plus nonpolio, multiple in- 
fections are indicated. 
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TABLE 3 
Relation of race and/or socio-economic status and family size to percentage of stool specimens 
found to contain poliomyelitis and other viruses in 1954 and 1955 
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Fig. 2. Relation of (1) race and socio-economic status and (2) family size to infection 
with poliomyelitis and other enteric viruses. 
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and Figure 2. There is definite consistency in the effect of race and socio-economic 
status in each year and for both polio and nonpolio viruses. The Negro group 
bears the greatest burden of intestinal virus parasitism, followed in order by the 
white-lower economic and white-upper economic groups. This order is in inverse 
relation to the levels of personal and environmental sanitation in these three 
populations. 

Family size, as measured by the number of siblings older than the index child, 
bore surprisingly little relation to virus excretion. In 1954, when the index chil- 
dren were still infants, those with no older brothers and sisters were less heavily 
infected with nonpolio viruses than children who were members of larger families, 
but poliovirus excretion was not appreciably lower. In 1955, when these same 
children were a year older, such differences based on family size as had been 
present previously were completely absent. 

History of illness in the index children was based primarily on records kept 
by the mothers and collected and examined monthly by the public health nurse. 
These records were intended only to provide information as to symptoms and 
signs suggestive of poliovirus infection and were critically examined and verified 
only when such infection had been detected. Accordingly, their potential value in 
relation to infections with other enteric viruses is limited. In any event, until 
the other viruses have been specifically identified, no effort to correlate such 
infections with records of minor illness is warranted. The associations observed 
between illness and poliovirus infection have been described elsewhere in detail 
(Gelfand et al., 1957) but can be summarized as follows. Among 269 persons with 


documented poliovirus infections, including the index children herein reported 
and their household associates, minor illness compatible with poliovirus infection 
occurred in 58, or 22 per cent; in 9 additional instances, or about 3 per cent, illness 
was associated with minimal evidence of central nervous system involvement. A 
clinical diagnosis of poliomyelitis, aseptic meningitis, or severe diarrhea was 
made in no instance by the private physicians attending study families. 


DISCUSSION 


Perhaps the most remarkable fact about the data presented in this report is 
that they are a mere byproduct of a study planned and executed to investigate 
only the natural transmission of the viruses of poliomyelitis. Work on this sub- 
ject was begun in our laboratory in 1951 using roller tube cultures of human 
skin-muscle tissue in the plasma-clot technique (Bhatt et al., 1955). A small 
number of fecal agents untypable with poliomyelitis type-specific serum was 
encountered using such cultures. In 1953, the use of HeLa cells was introduced 
and with the change a somewhat larger number of “untypable” agents was 
found. However, it was not until our change in early 1955 to the routine use of 
cultures made with monkey-kidney cells that the deluge with nonpolio enteric 
viruses began. Use of these cultures resulted in the hundreds of isolations herein 
reported. Since experience has already shown that the spectra of virus suscepti- 
bility of different tissues in culture differ markedly, it is not rash to assume that 
other culture tissues now available, or still to be developed, will uncover yet 
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undetected virus types. It must be remembered also that, although monkey- 
kidney cells are apparently at present the single most productive cell type for 
fecal virus isolation, they have serious, known limitations. Group A Coxsackie 
viruses, other than Type 9 and perhaps 14, are not cytopathic for these cells 
(Sickles et al., 1955). Adenoviruses apparently are much less readily isolated in 
monkey kidney than in HeLa cells and the agent of infectious hepatitis, possibly 
grown recently in Detroit-6 cells, has yet to be recovered in cultures of monkey- 
kidney cells. Therefore, any record of isolations using a single tissue-culture sys- 
tem, such as the present report, is a minimal record at best. In addition, the 
technique used in this study, although considered highly efficient for poliovirus 
detection, was not optimal for all nonpolio viruses even within the limits imposed 
by monkey-kidney cells. Many of these virus types are very slow-growing, and 
small plaques of cell degeneration were just appearing at the examination of 
second-passage tubes on the fifth to seventh day after inoculation. A longer incu- 
bation period and/or a longer series of blind passages, both of which were unneces- 
sary and impractical in a study of polioviruses, would certainly have revealed 
many more virus strains. 

Since the record of virus isolations reported at the present time is admittedly 
quite incomplete, the extent of intestinal virus parasitism which was demon- 
strated is remarkable. Overall, and over a two-year period, 13.4 per cent of stool 
specimens were found to contain a virus. As smaller segments of this record are 
examined, the percentage becomes even more impressive. For the total study 
group, the percentage positive was 29.9 in July 1954. For the New Orleans group 
only, it was 38 per cent in September 1955, and for the Negro segment of that 
group in that month, it was 64 per cent. Extracts of these specimens have all 
been preserved, and are available for further examination by our laboratory or 
any other which might seriously request them. It would not be too surprising to 
discover eventually that nearly all young children in certain congested popula- 
tion groups are infected with enteric viruses during certain seasons of the year. 

The significance of these infections is a fascinating matter for speculation and 
of great practical concern. The polioviruses, Coxsackie viruses, and some of the 
ECHO viruses (Davis and Melnick, 1956), as well as some of the “‘respiratory”’ 
and upper-intestinal-tract agents which pass into the feces, are proved pathogens 
in a certain percentage of infected individuals. The disease potential of most of 
the ECHO types is completely unknown. As previously stated, any effort to cor- 
relate the episodes of infection herein described with episodes of illness which 
may be noted in the records of our continuous observation of the study group 
must await specific identification of the agents. This laborious process is only 
barely begun but it may be mentioned that, of the nonpolio agents isolated so far 
in 1956, approximately 25 per cent are neutralized by a polyvalent serum contain- 
ing antibodies to Coxsackie virus A9 and B1 through B5. 

It is rather unlikely, however, that the ECHO viruses will prove to be the viral 
counterpart of the “normal” bacterial flora of the intestinal tract. Only one 
preliminary sero-immunity survey has been reported for some of these agents 
(Ramos-Alvarez and Sabin, 1956). This showed that a much higher percentage 
of Cincinnati adults had neutralizing antibodies to ECHO Types 7, 8, 9, 10 and 11 





ENTERIC VIRAL FLORA OF NORMAL CHILDREN IN LOUISIANA 529 


than did children of the same city. In addition, other limited information that is 
available suggests that they do infect in a manner analogous to the Coxsackie and 
polioviruses. Davis and Melnick (1956) showed that clinical disease associated 
with ECHO Type 6 infection results in the new appearance of both complement- 
fixing and neutralizing antibody. The seasonal distribution of the isolation of 
nonpolio viruses and their association with socio-economic status are more com- 
patible with defined episodes of infection than with a continuing infective or com- 
mensal relationship. Not discussed above is our finding also that these nonpolio 
infections tend to occur in family episodes rather than sporadically, and that 
such episodes tend to be confined to the younger members of the family. 

If these viruses do prove to cause specific and limited infections, their very 
abundance will pose great difficulties to the proof of an etiologic relationship with 
disease syndromes. The detection of a specific virus infection in an individual 
with aseptic meningitis, for example, certainly does not constitute proof of that 
relationship, even if repeated many times. The demonstration of a significantly 
higher rate of infection in diseased people than in the general population, together 
with other appropriate pathologic evidence, will be necessary. Where the rate in 
the general population is already very high, that may be quite difficult. 


SUMMARY 

Tissue cultures of monkey-kidney cells were used to detect viral agents in 
extracts of stool specimens from a group of healthy children in southern Louisi- 
ana. From approximately 150 children, averaging 6 months of age at the begin- 
ning of the study, specimens were collected once a month from January 1954 
through December 1955, as part of a larger study of the natural transmission of 
polioviruses. The agents isolated were divided into two main categories, the 
polioviruses (including all three types in approximately equal numbers) and a 
heterogeneous group designated as nonpolio viruses. The latter may have in- 


cluded Coxsackie viruses, ECHO viruses, adenoviruses, herpes simplex, mumps, 


influenza, and as yet undescribed agents. The percentage of specimens containing 
these two groups of enteric agents was reported monthly over the two-year 
period. A marked seasonal association was evident, with a peak in the summer 
and autumn months. The combined maximum percentage positive was 29.5, 
in July 1954. An association with socio-economic status was demonstrated; 
Negroes had the highest rate and were followed in descending order by the 
white lower economic and the white upper economic groups. No distinct associa- 
tion with family size was noted. It was not possible to attempt to associate disease 
incidence with virus excretion in general, but no cases of overt poliomyelitis, 
aseptic meningitis, or serious diarrhea were diagnosed by the physicians of the 
participating families. The remarkable abundance of these agents was discussed, 
as well as the difficulty in associating them with clinical disease syndromes. 
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LEPTOSPIROSIS IN EGYPT! 
C. D. McGUIRE? ano D. M. MYERS 
United States Naval Medical Research Unit No. 3, Cairo, Egypt 


Larrey’s (1812) description of jaundice which affected the French troops during 
the 1800 Napoleonic campaign in Egypt prompted subsequent writers to postu- 
late that the syndrome described was probably Weil’s disease. Epidemics of 
jaundice which occurred among British troops stationed in Egypt during World 
War II were carefully investigated and in no instance could leptospiral etiology 
be confirmed (Broom, 1953). While standard references on tropical disease state 
that leptospirosis is common in Egypt (Strong, 1943, Manson-Bahr, 1954), two 
different investigators were unsuccessful in demonstrating the presence of lepto- 
spires in Egyptian rodents (Forsyth and Gohar, 1930; Sandiford, 1936). Lepto- 
spiral surveys conducted in the Anglo-Egyptian Sudan failed to demonstrate the 
presence of pathogenic leptospires in that country (Whitehead and Crouch, 
1926; Kirk, 1938). 

Leptospira has been found in Israel (Bernkopf e¢ al., 1947; Van der Hoeden, 
1953), in Lebanon (Kalfayan, 1947), and in the Belgian Congo (Van Riel, 
1946), which are all neighboring countries of Egypt. 

The present report concerns work conducted over a two-year period at the U.S. 
Naval Medical Research Unit No. 3, Cairo, Egypt, directed toward clarifying 
the problem of leptospirosis in Egypt. 


METHODS 


Animal survey. Rodents were live-trapped over a twenty-month period in the 
areas of the Nile Delta shown in Figure 1. The rodents were returned alive to 
the Cairo laboratory for examination. Chloroform was used to anesthetize the 
animals deeply. The body surface was disinfected by soaking the animals in a 
1:100 water dilution of benzalkonium chloride, USP 10% (Winthrop-Stearns) 
for ten minutes. Sterile instruments were used for all operative procedures. The 
abdominal cavity was opened, and the contents of the urinary bladder were 
aspirated with a syringe and immediately examined by darkfield microscopy. 
If a urine specimen could not be obtained, the urinary bladder was removed and 
scrapings of the interior surface were examined by darkfield microscopy. Stuart’s 
medium (Stuart, 1946) was inoculated with 0.5 ml. of urine or with the remains 
of the urinary bladder. 

In all instances in which organisms resembling leptospires were observed in 
the urine, one to two ml. of urine, if available, or a saline extract of kidney 
homogenate, was injected intraperitoneally into weanling guinea pigs. The 
guinea pigs were observed daily for temperature deviations or other signs of 

1 The opinions and assertions contained herein are the private ones of the authors and 
are not to be construed as official or reflecting the views of the Navy Department or the 
naval service at large. 

2 Present address: Naval Medical Research Institute, Bethesda 14, Maryland. 
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Areas of rodent trapping in the Nile Delta 
Fig. 1 


leptospirosis. After five days and again after ten days peritoneal fluid of the 
guinea pigs was examined for the presence of leptospires. Thirty days after in- 
jection the guinea pigs were autopsied and the urine, heart blood, and kidney 
were inoculated into Stuart’s medium. 

Blood was obtained by heart puncture from each rodent for culture attempts 
and for serological testing. One kidney was removed, cut longitudinally and 
seared with a red-hot copper spatula. Small pieces of tissue were punched from 
the kidney cortex and medulla, using a sterile, glass capillary tube one mm. in 
diameter. The tissue pieces were inoculated into Stuart’s medium. 

All culture trials were incubated at 30°C. in a well humidified, dark incubator. 
At ten, twenty, and thirty days incubation a darkfield microscopic examination 
was performed on each culture trial. When leptospires were observed, immediate 
procedures directed at purification of the culture were instigated. The purifica- 
tion method found most useful was the method described by Schiiffner (1940) in 
which an aliquot of the culture is injected intraperitoneally into adult guinea 
pigs, followed in 15 minutes by heart puncture and culture of the blood in lepto- 
spiral medium. 

Dogs were collected from the Cairo City Pound. The animals were strays 
which had been collected from the streets of the city, and which had been im- 
pounded for two weeks’ time. Methods similar to those employed for the rodent 
autopsies were used for the examination of dogs. 

Serological survey. The sera of autopsied rats and dogs were tested using the 
complement fixation test described by Yager et al. (1951). The antigens employed 
were sonic-disrupted, lyophilized antigens, kindly supplied by the Walter Reed 
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Army Institute of Research, Walter Reed Army Medical Center. The antigens 
had been prepared from L. icterohemorrhagiae, L. pomona, L. grippotyphosa, 
and L. hyos. 

A random sample of human blood serum was collected from persons living in 
the Qalyub Province of Egypt. This was accomplished by venipuncture bleeding 
of every sixtieth person in the province as determined by the World Health 
Organization census of the population. An analysis of age, sex, and occupation 
of the persons bled indicated that the sample collected was a true reflection of 
the population at large (Klimt, personal communication, 1956). Blood was also 
collected for serological testing from jaundiced persons hospitalized in Cairo 
and in Tanta. 

The blood of cattle, sheep, goats, and water buffalo was collected from the 
Cairo Municipal Abattoir. These animals originated from many different parts 
of Egypt and it was not possible to determine their place of origin. 

The sera from the blood collections described above were tested for lepto- 
spiral antibodies using the agglutination-lysis reaction (Schiiffner and Mochtar, 
1927). 


RESULTS 


Table 1 gives the number of each species of animal examined by autopsy for 
the presence of Leptospira. All animals were adult size except twelve dogs which 
were puppies approximately two months old. 

Organisms resembling leptospires were observed in the urine darkfield ex- 


aminations of 20 rodents, in which culture attempts were unsuccessful. The 
darkfield examination of the urine of two rodents was positive and leptospires 
were isolated by culture. Two other leptospires were isolated from rodents in 
which the darkfield examination of the urine had not demonstrated leptospires. 

The leptospires obtained by culture were all identified using type specific 
antiserum and the agglutination-lysis reaction as L. icterohemorrhagiae. Table 2 
indicates the site of trapping and the species of rodent from which the lepto- 
spires were isolated. 

Serological survey. Complement-fixation tests to determine leptospiral anti- 
bodies were performed on the sera of 850 rodents and 30 dogs. No leptospiral 


TABLE 1 
Number of each species of animal examined by autopsy for Leptospira 





Acomys cahirinus eer eere 102 
Arvicanthis niloticus niloticus 417 
Dogs ae 30 
Mus musculus....... eS. oe ee a 40 
Rattus rattus alezandrinus 47 
Rattus rattus rattus 

Rattus norvegicus 
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antibody titers whatsoever were found in the serum of any rodent tested. Titers 
against L. icterohemorrhagiae at a serum dilution of 1:8 were found in the sera of 
five dogs. These sera tested with the agglutination-lysis reaction gave negative 
results. 

The sera of 1,062 persons, collected at random in the Qalyub Province, were 
tested for the presence of leptospiral antibodies by the agglutination-lysis reac- 
tion. The serum of five individuals contained leptospiral antibodies as shown 
in Table 3. 


TABLE 2 
Trapping site and species of rodent from which Leptospira were obtained 





Animal No. Species | Trapping Site 





97 R. rattus rattus Alexandria City 

112 R. norvegicus Alexandria wharf 
297 R. norvegicus Cairo City 

890 Arvicanthis n. niloticus Abu Rawash, village 





TABLE 3 
Leptospiral antibody titers found in a random serological survey of Egyptian 
village inhabitants 








Village | Occupation | Species 


Male Mit Nama | Farmer | . grippotyphosa 
Male Min Tay Farmer . grippotyphosa 
Female | Mehata Qalyub | Housewife | . tcterohemorrhagiae 
Male Qaranfil Farmer . icterohemorrhagiae 
Female | Qaranfil Housewife . tcterohemorrhagiae 





TABLE 4 
Domestic animals tested for the presence of leptospiral antibodies 





Animal | Number Examined | Number Positive 





54 
55 
Indian water buffalo (Egypt. var.) (Gamoose).. 


TABLE 5 
Water buffalo leptospiral antibody types and titres 








Titre 
Serotype 





L. grippotyphosa. . 
L. sejroe 
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TABLE 6 
Ancillary serological findings in five persons demonstrating leptospiral serum antibodies 





Salmonella group 





| Standard | = Ss Q : West Nile | Sand fly| Bru- 
| Kahn Non- fever |T¥PHUS | “fever fever | cella 
D specific 


1+ | | 16 3 160 0 0 4 0 
| Neg 0 0 oi 4s Ff & 
Neg 0 0 0 4 | 8 
1+ | 0 0 0 0 | O 
Neg | |} oO |0/] 6 | 32 | O 





Numbers indicate the reciprocal of the serum dilution giving a positive reaction. 


The sera of 48 persons hospitalized for fevers accompanied by jaundice were 
tested for the presence of leptospiral antibodies. Totally negative results were 
obtained from these individuals. 

Blood was collected at the Cairo abattoir from 246 animals. Table 4 gives the 
number of each species of animal whose blood was collected, and the number of 
positive specimens found. The single positive goat serum had an agglutination- 
lysis titer of 1:100 against L. grippotyphosa. The antibody titers observed in the 
sera of the water buffalo are presented in Table 5. 


DISCUSSION 


Based on the number of leptospires isolated by culture the incidence of rodent 
infestation with Leptospira in Egypt, which approximates four per thousand, is 
very low in comparison with other areas of the world. Evidence based on a 
randomized serological survey indicates that human leptospirosis is also a rare 
occurrence in Egypt. Serological studies in other countries have shown that 
persons recovered from leptospirosis retain a detectable antibody titer for periods 
up to twenty years post infection (Gauld et al., 1952; Gsell, 1952; Packchanian 
and Tom, 1943; Schiiffner, 1934; Walch-Sorgdrager, 1939). Hence the observed 
antibody incidence of approximately five per thousand in the Egyptian popula- 
tion suggests that the leptospirosis incidence in humans is negligible. 

The individuals whose sera gave a positive leptospiral antibody test were 
questioned concerning illnesses, length of residence in the village, etc. Each per- 
son still lived in the village of his birth. None recalled having had a serious 
illness and none had ever been more than a few miles away from home. Mit 
Nama and Min Tay are neighboring villages sharing the same canal for their 
water supply. Mehata Qalyub is about six miles away and on a different canal 
system. Qaranfil is 10 miles beyond Mehata Qalyub and has still another canal 
for its water supply. The total area covered by the sero-diagnostic survey ap- 
proximates 300 square miles. 

Table 6 presents ancillary serological data obtained from the five persons whose 
sera contained leptospiral antibodies. These data do not suggest the possibility 
that cross reactions occurred between antibodies against common bacterial or 
viral diseases found in Egypt and the leptospiral antigens employed. 
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The leptospiral isolates from rodents indicate that L. iclerohemorrhagiae is the 
predominant Leptospira present in Egypt. Serological evidence obtained from 
both the human and the domestic animal surveys indicates that infections with 
L. grippotyphosa and L. sejroe, or related serotypes, have also occurred. 

The antibodies detected in the water buffalo indicates a leptospirosis incidence 
in that animal of approximately fourteen per cent. This finding does not agree 
with the observed leptospiral incidence in rodents, man or domestic animals. 
However, the origin of the animals whose sera were tested was unknown, and 
the possibility exists that the water buffalo whose sera was tested may have come 
from areas of Egypt where a high incidence of leptospirosis occurs. Van der 
Hoeden (1953, 1953a) in Israel and Van Riel (1946) in the Belgian Congo have 
both reported that Leptospira distribution is patchy and often confined to cir- 
cumscribed areas. 

An attempt was made to find an explanation for the curiously low incidence of 
leptospirosis in Egypt as compared with the leptospiral infection rates found in 
contiguous countries. Climatically the north African and Mediterranean Littoral 
countries are markedly similar. 

An analysis of the pH of natural waters in Egypt was made. All fresh surface 
water in Egypt stems from the Nile River. A sample of soil and water was col- 
lected for pH determination from every East-West lateral canal between Cairo 
and the Mediterranean Sea. The pH of these canal waters ranged from 7.2 to 7.9. 
The pH values are highest at Cairo and decrease as one proceeds northward into 
the Delta. The pH of soil samples ranged from 6.9 to 8.1. The soil is least alkaline 
in the mid-Delta region near the Nile River, and most alkaline at the edge of the 
Delta near the desert. These findings disallow the assumption that the low in- 
cidence of Leptospira in Egypt may be due to a pH effect of the soil or water 
which would be inhibitory to leptospiral survival in nature. Natural waters in 
Egypt are not sufficiently saline to cause inhibition of Leptospira. 

Most Probable Numbers (MPN) of coliform bacteria were determined in water 
collected from several different canals in the vicinity of Cairo and from the Nile 
River. The Nile has an MPN of 3,000 coliforms per 100 ml. Six canals of varying 
size gave an average MPN of 8,500 coliforms per 100 ml. The MPN values were 
determined during midsummer when the water level is lowest and bacterial pol- 
lution is highest. Although the bacterial pollution of the river and canals in 
Egypt is extensive the level of coliform bacteria is not high enough to cause 
inhibition of leptospires in these waters. 

The rodent population of Egypt is apparently no lower than it is in other 
areas of the world which have a high incidence of rodent leptospiral infection. 
Trapping in the cities of Cairo, Alexandria, and Port Said produced an average 
of 0.4 rats per trap day. Rural trapping produced an average of 0.24 rats per 
trap day. 

The low incidence of Leptospira infection in rodents and the similarly low 
serological leptospirosis history in man found in this survey does not necessarily 
delineate the incidence of leptospirosis for the entire country of Egypt. Although 
an attempt was made to cover a broad area of the Nile Delta, it is conceivable 
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that some areas of Egypt are more heavily infested with leptospires and have a 
higher incidence of leptospirosis than the areas which this survey covered. In 
the areas studied, leptospirosis does not constitute a public health hazard and 
cannot be construed to be a disease of medical or economic importance. 


SUMMARY 


Autopsy studies demonstrated four Leptospira iclerohemorrhagiae infections 
among 1,121 rodents trapped from different localities in the Nile Delta of Egypt. 
Two of the infected rodents were Rattus norvegicus, one was Rattus ratius raitus, 
and one was Arvicanthis niloticus niloticus. The latter is a species of grass rat 
which has not before been described as a reservoir of pathogenic leptospires. A 
serological analysis of the serum of 1,062 randomly selected human blood speci- 
mens was made to determine the presence of leptospiral antibodies. Five sera 
contained antibodies against leptospires—three of these indicated previous 
infection with L. icterohemorrhagiae and two indicated previous infection with 
L. grippotyphosa. Serological analysis of the sera of 246 domestic animals demon- 
strated antibodies in the sera of water buffalo against L. grippotyphosa (10 ani- 
mals) and L. sejroe (4 animals). 
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SUCTION AND QUANTITATIVE METHODS FOR CULTURE OF 
RECTAL MUCUS IN BACILLARY DYSENTERY 


YASUZO NAKAMIZO ann RYOJI TAKAHASHI 
Municipal Ebara Hospital, Ota-ku, Tokyo, Japan 


It is a well known fact that the mucous part of the feces of bacillary dysentery 
patients and carriers is rich in Shigella organisms. In routine work, therefore, the 
plating media used for Shigella isolation, such as 8.8. agar, Drigarski, Endo, 
and others, are usually inoculated with the mucous part of the feces. However, 
bacterial research on mucus aspirated from the rectum of dysentery patients 
and carriers has not previously been performed in Japan. The present studies 
were undertaken to determine whether rectal mucus is more reliable than rectal 
swab or fecal culture for isolation of Shigella organisms. The quantitative culture 
of Shigella from mucus would be important in determining the mode of infection 
in bacillary dysentery and in estimating Shigella excretion both in dysentery 
patients and in carriers. 


MATERIALS AND METHODS 


Persons examined. Bacillary dysentery patients and carriers were selected 
from patients admitted to the Tokyo Municipal Ebara Hospital between 1953 
and 1956. 


Collection of rectal mucus. The bowel was evacuated by an enema (100 ml. with 


10 per cent magnesium chloride) and the patient was then placed on the operating 
table, on his left side, with knees bent. After 30 minutes a rectoscope was inserted 
and about 1 to 5 ml. of mucus from the surface of a rectal lesion or from several 
parts of the rectal cavity (chiefly from the ampulla recti) was aspirated into a 
small pipette (5 mm. x 35 cm.) with a rubber bulb and transferred to a glass 
container. The mucus obtained in this manner usually contained no fecal matter. 

Suction technic for culture of mucus. The mucus in the glass container was 
thoroughly agitated and stirred with a glass rod, and an S.S. agar plate was 
inoculated with 0.05 ml. of the homogenized mucus, using Conradi’s glass rod, 
and incubated at 37°C. for 24 hours. The colonies were then observed and further 
isolated and identified. 

A direct plate count was used as the quantitative measure if the number of 
Shigella colonies on a plate was less than 300. If the number exceeded 300, the 
mucus was diluted with physiological saline to make serial tenfold dilutions from 
10— to 10-*, and 0.05 ml. of each dilution was inoculated on an §.S. agar plate. 
The reports were based on the highest dilution which still showed Shigella 
colonies. 


EXPERIMENTAL RESULTS 


Comparison of the suction technic with routine culture methods. The suction 
method of examination was compared with the swab or fecal culture method in 
863 bacillary dysentery patients and carriers, before and after treatment, and 
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was positive for 97 per cent of the specimens, while swab culture was positive 
for only 87 per cent and fecal culture for only 85 per cent. 

Since a higher proportion of isolations was effected with the suction culture 
method than with the other methods when only small numbers of Shigella were 
excreted, as by patients or convalescent carriers after treatment (Table 1), a 
study was carried out comparing the methods during the entire course of the 
dysentery. Daily rectal swabs or fecal specimens were examined and a suction 
culture was taken once a week. As shown in Table 2, isolations were obtained by 
weekly suction culture from 95.5 per cent of the specimens, as compared with 
88.3 per cent by daily swab and fecal culture, which indicates the superiority of 
suction culture for isolations during periods of low Shigella excretion. 

Quantitative cultures of mucusin bacillary dysentery patients and carriers. At the 
onset of dysentery there is usually much blood or pus and relatively little mucus. 
Titers of Shigella excreted during the first week are high, usually 10-* to 10-5 
organisms per 0.05 ml. of mucus. After the second week, with healing of the rectal 
wall lesions, the proportion of mucus gradually increases, while Shigella titers 
tend to decrease per unit of volume. 

The results of quantitative cultures of rectal mucus in patients under varying 
treatments are shown in Table 3. Shigella titers of mucus from patients who were 
treated only symptomatically, decreased slowly during the second and third 
weeks, but remained between 10-' and 10-? in the fourth week. The titer in a 
patient given Thiazin (3,4-dimethyl-5-sulfanilamidoisoxazole), 6 gm. daily for 
five days, showed the same tendency as that of the untreated cases, which 
indicates that Thiazine was ineffective for this person. Patients treated with 


TABLE 1 


Comparison of Shigella isolations by three culture methods* from patients and carriers before 
and after treatment 





Isolations in Which Methods Isolations in Which Methods | 
Were in Agreement Were in Disagreement | 
Specimens Total 
— . nae aan Ey Specimens 


M pos. | M. pos.| M neg. | M neg. | M pos. | M pos. | M neg. | M neg. 
S pos. | F pos. | S neg. | F neg. | S neg. | F neg. | S pos. | F pos. 


Before treatment 
Total oo) ae 67 : 23 7% 14 ‘ 423 
Patients 70 8 87 13 9 257 
Convalescent carriers 7 
Symptomless carriers 
After treatment 
Total 
Patients 
Convalescent carriers 
Symptomless carriers 


Ciel 


éé 








Total specimens.. . 7 ¢ 863 





Per cent of isolations... 84.3 





*M = mucus suction culture, S = swab culture, F = fecal culture. 
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TABLE 2 
Shigella isolation during the course of dysentery by weekly suction culture compared with 
daily swab or fecal culture 





! 
Isolations in Which | Isolations in Which 
Methods Were in | Methods were in 
Course of Dysentery Agreement Disagreement 
| M* pos. | M neg. M pos. M neg. 
F.S.f pos.| F. S. neg. | F.S. neg. | F.S. pos. | 





Ist wk... ee ¢ 60 6 
2nd wk. as 66 

3rd wk. ere, ae 41 

4th wk. 

5th wk. 





Totals... 








Per cent of isolations...... 





*M = mucus suction culture once a week. 
+ F.S. = daily culture of feces and swab for a week. 


TABLE 3 
The quantitative titers of mucus during the course of dysentery 





| | 
| 


Patient Sex Age 


Bo ney wy Tene Mucus 
Shigella flexneri uring the Course of Dysentery 
deste fos "*| Treatment | 


| som, | Se 3 wk. | 4.wk. | Swk. | 6 wk. 





| 


ceenatbcmiiaedibedt Remon 2 Mastoes at | 


20 2a none | 10-* | 10° | 10°? | 
2a none | | 10-§ | 10°* | 10" | 
26 2b none | 10-5 | | 10-* | 107? | 


| | 
39 | 2b | none 
| 10-* | 10-8 | 10> 
21 2b M /|10°| 0 
20 | 3a 10-5 


= = 


1 
2 
3 
4 
5 
6 
7 


10-* | 10-3 | | 107? | 
3a 
17 2b | 10-5 | 0 


| 
19 vx | 10-4 | | 10-8 | 10-8 
55 2b ? | 10“ 0 


i?) 
i 


9 
10 
11 
12 


Sayer n ass eee | 


— 


39 | VX y) /10-* | 0 0 | 

6 | }10*] oO | O | 

TH—Thiazin (3,4-Dimethyl-5-sulfanilamidoisoxazole) treatment. CM—Chlorampheni- 
col treatment. TC—Tetracycline treatment. 








antibiotics, whose titers during the first week were 10-* to 10-, did not excrete de- 
tectable Shigella during later convalescence. From these results, it appears that 
the suction method may be very suitable for studying Shigella excretion in per- 
sons under treatment, and for determining the effect of drugs upon the organisms. 

Table 4 shows the titers of Shigella excreted in the mucus of symptomless and 
convalescent carriers examined two to four times at intervals of two to 14 days. 
Little difference in titers was found at the first and second examinations, and it 
was assumed that the volume of Shigella excretion was generally low and constant 
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Carrier No. 


Symptomless 


Convalescent 
1 


13 


‘ 
10 
24 


| 31 


59 


31 
15 
19 
10 
10 
14 
14 
10 





Shigella flexneri |} 
Isolated 


2a 
2a 
2b 
2b 
VX 
VY 


lb 
lb 
2a 
2b 
2b 
2b 
3a 
3a 


CULTURE IN BACILLARY 


TABLE 4 


Titers 


2nd pore 
examination| '™'¢T 
| va 


examination) 
val 


42 
3l 


21 

20 

7 
109 
10 | 
120 


Numbers indicate Shigella colonies per plate. 


Colonies per plate 


Quantitative titers 





TABLE 5 


Shigella 
1-50 17 
51-150 5 
151-300 ‘ 





33 


naton 


| Symptomless Carriers | 


DYSENTERY 


Quantitative titers of mucus in carriers examined at intervals of 2-14 days 


Days | 
interval 


4th 
exami- 
| nation 


3rd_ 
exami- 


Quantitative titers of mucus in symptomless and convalescent carriers 


Convalescent Carriers 


4 
5 





during this period. The titers in convalescent carriers tended to be higher than 
in symptomless carriers, with somewhat variable excretion of organisms, which 
suggests that an exacerbation of the rectal lesions may occur more frequently 
among convalescent carriers than among symptomless carriers. 
Quantitative Shigella titers of the mucus from other symptomless and convales- 
cent carriers are shown in Table 5. In general, titers from symptomless carriers 
tended to be lower than from convalescent carriers. Of the 33 symptomless 
carriers, about 50 per cent yielded only from 1 to 50 Shigella colonies per plate, 
and 73 per cent yielded less than 300 colonies per plate. Of the 17 convalescent 
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carriers, 65 per cent yielded less than 300 colonies per plate, and 35 per cent had 
titers from 10-' to 10-*. Although the number of specimens examined was rela- 
tively small, results shown in this table give some support to the previous finding 
(Table 4) that titers in convalescent carriers tended to be higher than in symp- 
tomless carriers. 

Examination of Shigella excretion in family dysentery infections. In an attempt 
to determine the source of the infection among two dysenteric families, recto- 
scopic observation of each member was made, and mucus for culture was taken 
by the quantitative and suction methods. The results are given in Table 6. 

In family A the mucus from all members was positive for Shigella except that 
of the fifth son, who died of severe dysentery. The father’s rectal wall showed 
moderate lesions and he excreted more Shigella in his mucus than other members 
of the family, and it was assumed that he was the original source of infection for 
the family. Although swab cultures from three members of the family were 
negative, suction cultures were positive, with relatively low titers of less than 
100 organisms. 

In family B the mother showed severe rectal lesions and was heavily infected 
with Shigella, excreting organisms in the mucus in a titer of 10~* at the time of 
examination. She had been under symptomatic treatment for ulcerative colitis 
for the past year because of a daily bloody diarrhea without fever. As in family A, 
three members of the family, probably infected by the mother, were symptom- 
less carriers of S. flexneri 2b, and were excreting very few organisms in the mucus 
at the time specimens were taken. All three specimens were positive by suction 


TABLE 6 


Sigmoidoscopic observations related to culture titers in two family outbreaks 





Shigella flexneri Lesions of the Swab Quantitative 


Sex Age isolated rectal wall culture culture titer* 


Family A 
Father. M ++ Pos. 
Mother F Pos. 
lst daughter ; F f +— Pos. 
lst son See M 8 2: Pos. 
2nd son M ‘ Neg. 
2nd daughter ? F y Pos. 
3rd son oe M - Neg. 
4th son... es M Neg. 
5th son M ‘ | not done 
Family B 
Father . M | Pos. 
Mother Pos. 
lst daughter... d Neg. 
Ist son M | Pos. 
2nd son 
3rd son I Neg. 


* Nos. indicate colonies per plate. 
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culture and only two by swab culture. As an interesting sidelight, the father was 
found to be a healthy carrier of S. flerneri V-X. 

Results obtained from the study of these two families indicate that the suc- 
tion method is more effective than the swab culture for Shigella isolation from 
healthy carriers who excrete few dysentery bacilli. 

The quantitative measure of Shigella excretion is as important as rectoscopic 
studies for determining the exact state of each dysentery patient and carrier. 
However, a satisfactory method for the measure of Shigella excretion has not 
been devised previously because of the difficulty in selecting a suitable portion 
of feces from a large specimen for quantitative culture studies. Rectal mucus 
has the advantage of being obtainable at a definite time, in a definite and limited 
volume, and by a definite, standardized technique. Judging by our experience, 
the suction method of culturing organisms from mucus is a useful means of 
determining the number of organisms excreted by patients and carriers, and may 
be used to determine the most likely source of infection in small outbreaks, as 
in the two family outbreaks described in this report. It should also be useful for 
following the course of infection in dysentery patients through illness and con- 
valescence. The convalescent carrier discharges organisms in variable amounts, 
which during clinical relapse may increase to a titer of 10-* or 10~*. For this rea- 
son he must be regarded as potentially a highly dangerous source of infection, 
and a close check on his state of infection is desirable. 


SUMMARY 


The suction method for the culture of Shigella, and its quantitative variation, 
using rectal mucus from dysentery patients and carriers, appears to be a feasible 
bacteriological diagnostic technique. Shigella isolations by this procedure are 
more numerous than by the routine swab or fecal culture methods, especially 
when small numbers of organisms are excreted, as from patients after treatment, 
or from carriers. 

Shigella titers obtained by the suction method can be of assistance in checking 
the status of patients and carriers during the course of illness and convalescence. 
The method also appears to be reliable for the detection of carriers as sources 
of infection in limited outbreaks. 
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CORTISONE AND PREDNISONE IN THE SUPPRESSION OF 
ALLERGIC REACTIONS TO DIETHYLCARBAMAZINE 
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Department of Infectious Diseases, School of Medicine, University of California, 
Los Angeles? 


In onchocerciasis, as in Bancroftian filariasis and loiasis, allergic reactions 
sometimes appear spontaneously during the course of the infection; they may 
also occur following treatment. The acute allergic reaction in onchocerciasis is 
known in Mexico as “mal morado’’, while in Guatemala this condition is referred 
to as “‘erisipela de la costa’. These reactions may occur at any time during the 
course of the disease, and are characterized by edema and erythema of the 
affected areas, sometimes accompanied by fever. The cheeks, face, ears and neck 
are most frequently involved; less often there may be a patchy distribution over 
the upper arms, back or chest, around the pelvic girdle or on the legs. Associated 
pruritus may be severe. Acute attacks usually last a few days to a week and sub- 
side gradually; repeated acute episodes may lead to permanent thickening and 
changes in pigmentation of the affected areas, a chronic eczymatoid dermatitis, 
or a loss of turgor and extreme wrinkling of the skin. 

With the introduction of diethylearbamazine (Hetrazan) treatment for 
onchocerciasis, acute allergic reactions of the type described above were noted 
with such regularity that Mazzotti (1948) suggested administration of this drug 
as a diagnostic test for the disease. Reactions following treatment are usually of 
greater severity than those which occur spontaneously. They appear within a 
few hours after administration of the first dose of diethylcearbamazine and 
generally increase in intensity during the first 24-48 hours of treatment, subsid- 
ing gradually with continued therapy thereafter. Massive periorbital, facial 
and aural edema is characteristic of these reactions in Mexican and Guatemalan 
patients. Bullous reactions are occasionally seen. Popular acceptance of diethyl- 
carbamazine treatment has been greatly limited by apprehension over severe 
and painful post-treatment reactions. 

Antihistaminics have not proved of great value in the treatment of either 
spontaneous or post-treatent reactions, except for relief of pruritus. As limited 
trials of cortisone,* carried out by one of us (E. K. M.) in Mexico, seemed prom- 
ising, more extensive studies were undertaken in Guatemala, using prednisone.‘ 
This paper reports on both series of observations. 


! Medical Student Fellow of the National Foundation for Infantile Paralysis in the 
Institute of Nutrition of Central America and Panama (INCAP), Guatemala, C. A. 

2 The work in Guatemala was carried out as part of a general clinical and parasitologi- 
cal study under the auspices of INCAP. 

3 The cortisone (Cortone, Merck) used in this study was supplied through the courtesy 
of Dr. Frederick K. Heath of the Medical Division, Merck and Company, Rahway, New 
Jersey. 

4 Prednisone (Meticorten, Schering) was supplied for this study through the courtesy 
of Dr. Edward Henderson, Schering Corporation, Bloomfield, New Jersey. 
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TREATMENT SCHEDULES AND RESULTS 


Cortisone. Four patients from a coffee plantation in the state of Chiapas, 
Mexico, were treated with cortisone. Diethylcarbamazine treatment had been 
used on this plantation on repeated occasions, but none for ten months prior 
to the time of these treatments. 

Two patients had acute mal morado at the time of treatment. One was a woman 
of about 40 years of age, who had suffered repeated acute attacks of mal morado 
over a period of years, and at the time of treatment exhibited thickening and 
hyperpigmentation of the ears and nose, and periorbital edema. The other pa- 
tient, a 6 year old boy, had a history of repeated attacks of mal morado over a 
4-year period, and at the time of treatment had considerable edema of the ears. 
The woman was treated with 25 mgm. of cortisone four times daily for 3 days; 
the boy received 12.5 mgm. four times daily for 8 days. In both patients acute 
symptoms were much lessened within 24 hours, and were virtually absent after 
48 hours of treatment. Ten days later both patients remained free of acute 
symptoms. In the intervening period, while still receiving cortisone, the boy was 
given a two-day treatment with diethylearbamazine, 100 mgm. twice daily. 
Three previous treatments with diethylcarbamazine had resulted in acute edema 
of the face and ears in this patient, but no reaction to treatment was noted on 
this occasion. 

The other two patients, both of whom had positive skin biopsies, were not 
suffering from mal morado at the time of treatment. One, a 19 year old man, 
had a history of repeated attacks in the past; the other, a 29 year old male, had 
exhibited very severe post-treatment reactions on the three previous occasions 
when he had taken diethylcarbamazine. Both patients were treated with 25 
mgm. of cortisone four times daily for 2 days before treatment with diethyl- 
carbamazine was started. The 19-year old man was then treated with 100 mgm. 
of diethylearbamazine twice daily for two days, during which the cortisone was 
continued ; following treatment with diethylearbamazine the cortisone was dis- 
continued stepwise. He had no reaction to treatment. On the other patient, it 
was decided to investigate the effect of larger doses of diethylcarbamazine. He 
was given the drug at the rate of 25 mgm. per kg. of body weight in divided doses, 
on alternate days for a total of five days treatment. During this period cortisone 
was continued at the same rate as in the previous patient, and following treatment 
it was discontinued stepwise. His own reaction to this heavy dosage of diethyl- 
carbamazine was a slight pruritus early in treatment. 

Prednisone. A coffee plantation near Yepocapa, Guatemala, was chosen for 
trials of prednisone-diethylcarbamazine therapy. This plantation has over 300 
permanent inhabitants; surveys in 1954 and early in 1956 had revealed that about 
60 per cent of these people had onchocercal nodules. In January, 1956, all nodules 
found on examination of the entire group was removed by the Sanitary Brigade 
of the Guatemala Public Health Service. Diethylcarbamazine treatment had 
never been employed on this plantation. 

In midsummer of 156, 193 persons from this plantation group were screened 
for microfilariae by means of single skin biopsies and of these, 42 adults with 
biopsies showing many microfilariae were chosen for treatment. Originally, it 
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had been our intention to treat this group for a period of two or three weeks 
with standard therapeutic doses of diethylcarbamazine, while treating half of 
them with prednisone during the initial few days of therapy. Circumstances 
prevented our keeping the group under observation for this period, and accord- 
ingly it was decided to limit the observations to the initial five days of treatment, 
the period during which allergic reactions may be anticipated. The 42 individuals 
were divided into two groups, of 20 and 22 persons. Each group received diethyl- 
carbamazine 50 mgm. four times daily for four days; some received 50 mgm. and 
some 100 mgm. four times on the fifth day of treatment. 

Group 1, containing 20 persons, also received 5 mgm. of prednisone with each 
dose of diethylearbamazine, plus two preliminary doses of 5 mgm. of prednisone 
without diethylearbamazine in the afternoon and evening of the day before 
combined treatment was started. Group 2, of 22 persons, received a placebo 
exactly resembling prednisone with each dose of diethylcarbamazine, plus two 
preliminary doses as in the first group. After 3 days of treatment, half of the 
persons in Group 1 were switched from prednisone to the placebo for the re- 
mainder of the 5-day treatment period. 

Nineteen persons in group 1, and twenty-one in Group 2 finished the entire 
course of treatment. One person in Group 1 was eliminated at the onset, as he 
did not appear for treatment following the preliminary prednisone doses. A 
woman in group 2 was eliminated because of an intercurrent pulmonary infection. 


TABLE 1 


Reactions following treatment with hetrazan in control and in prednisone treated groups 








Group 1 Group 2 
(Prednisone) (Control) 





Number in group 19 21 
Pruritus, face 
moderate 


severe 
Pruritus, generalized 
moderate 
severe 
Edema, face and ears 
Moderate 
severe _ 
Edema, elsewhere 
moderate 
severe 
Fever 
Vomiting 
Prostration 





Total number persons exhibiting reactions 
moderate 
severe 
combined 
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Every patient was examined and questioned carefully before each treatment; 
those who had reactions which prevented their attendance at the “clinic”? were 
visited regularly in their homes. Table 1 lists the reactions noted in these two 
groups. 

A second group of 20 people, about half of whom were children, and all of 
whom had negative skin biopsies, were also divided into two groups and treated 
in the same manner. These individuals included some with visible onchocercomas 
or history of previous onchocerciasis, as well as others with no evidence of past 
or present onchocercal infection. Results of treatment in this group of patients 
were in general similar to those seen in treatment of the biopsy-positive cases. 

Skin biopsies were performed on a number of patients on the fifth day of treat- 
ment. Large numbers of microfilariae had been seen in biopsies done on each of 
these patients prior to treatment. As anticipated, treatment for five days did 
not eliminate all microfilariae, and both living and dead larvae were found in 
each of the post-treatment biopsies. Skin biopsies are hardly quantitative, and 
comparisons are difficult, but no obvious differences were noted between those 
from patients after treatment with both diethylcarbamazine and prednisone, 
and from patients treated with diethylcarbamazine alone. 


DISCUSSION 


The therapeutic trials reported here were designed to test the use of cortisone 
and prednisone in suppression of the allergic manifestations accompanying di- 
ethylcarbamazine treatment; they were not trials of diethylcarbamazine per se. 


Mazzotti and Hewitt (1948) first employed diethylearbamazine in the treatment 
of onchocerciasis in Mexico. They found the drug to be a very effective micro- 
filaricide, but noted that it had little action on adult worms. Allergic reactions 
and especially pruritus following treatment were very common. Mazzotti (1948) 
observed these reactions in over 90 per cent of patients treated; as he was unable 
to demonstrate similar reactions in normal patients or those infected with a 
variety of intestinal helminths or Mansonella ozzardi, he suggested the adminis- 
tration of single small doses of diethylearbamazine as a diagnostic test for the 
disease. He cautioned that this would be applicable only in areas where Wuche- 
reria bancrofti (one might also add Loa loa) doesnot exist. Burch (1951), however, 
found that only 1.2 per cent of patients with filaria bancrofti exhibited pruritus 
during treatment with diethylearbamazine, while 96 per cent of patients with 
onchocerciasis complained of this symptom. 

At the present time both in Guatemala (Burch, 1950) and in Mexico the prin- 
cipal therapeutic measure employed is periodic examination of all persons in 
endemic areas, with surgical removal of onchocercomas found by this means. 
As Mazzotti (1948b) observed, this does not constitute a prophylactic measure; 
even if all adult worms are removed surgically patients will continue to have 
living microfilariae in their skin for long periods of time, and will serve as reser- 
voirs for reinfection of themselves and others. Burch (1950) also pointed out 
that many patients without palpable nodules have microfilariae in their skin. 
Thus, effective control of the disease in endemic areas must involve either 
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eradication of the vector or thorough treatment of all infected persons. The former 
seems presently to be impracticable; the latter should include surgical removal of 
all onchocercal nodules possible, destruction of adult worms not removed 
surgically, and simultaneous elimination of microfilariae in the skin. If the 
latter measure is not carried out, periodic removal of adult worms will not 
serve to eliminate the disease in the continuing presence of the vector. 

The objections to the use of diethylearbamazine in mass treatment programs 
are its limited effect on adult worms and the severe reactions which so frequently 
follow its administration. The evidence presented by Martinez Béez (1953) 
suggests that it does have some lethal effect on adult worms. Whether or not this 
effect would be intensified by periodic repetitions of treatment seems worth 
investigation. 

The trials of cortisone and prednisone reported here indicate that both drugs 
are highly effective in minimizing allergic reactions to diethylcarbamazine treat- 
ment. Four patients received cortisone and in only three was this in conjunction 
with diethylcarbamazine treatment; results with this limited group can be inter- 
preted only in light of their agreement with the results obtained when prednisone 
was employed in a much larger series. In the prednisone trials in biopsy-positive 
individuals, only one person developed allergic symptoms of sufficient severity 
to be temporarily disabling; seven in the control group developed similarly severe 
reactions. All those on the control group developed facial or generalized pruritus, 
and in 16 of them this was moderate to severe in intensity. Mild pruritic symp- 
toms received no treatment, or aspirin, while those of moderate or severe intensity 
were successfully treated with antihistaminics. About half of the persons in the 
prednisone-treated group complained of pruritus; in only four was antihistaminic 
therapy necessary. Edema, particularly of the face and ears, was severe in seven 
patients of the control group; bullous lesions developed on the ears of one severely 
edematous patient. Only one patient in the treated group developed edema. 
Antihistaminics were of no value in treating edema; in several patients the in- 
stitution of prednisone treatment after the onset of edema seemed to result in a 
somewhat more rapid disappearance of this symptom. Adams and Woodruff 
(1953) report inconclusive results from administration of cortisone to one patient 
during a reaction to diethylcarbamazine treatment. 

It has been generally observed that allergic reactions to diethylcarbamazine 
treatment usually occur within the first two or three days of therapy. After this 
initial period treatment can be continued indefinitely without further reactions. 
Increased dosage of the drug does not bring about further reactions. In the 
present series, pruritus was noted by several patients in the control group within 
one and one-half hours after the initial dose of diethylearbamazine. Within five 
hours after the first treatment, 11 persons reported moderate to severe itching; 
eight hours after the initial treatment 1 patient had a severely swollen face. 

Reactions in the control group reached a peak on the second day, and de- 
clined both in severity and numbers by the third day of treatment. All patients 
were symptom-free by the morning of the fourth day of treatment, and no 
additional reactions were noted. Follow-up inquiries two weeks later produced 





- 


CORTISONE IN SUPPRESSION OF ALLERGY TO DIETHYLCARBAMAZINE 551 


no evidence of further reactions in this period. On the fourth and fifth days of 
treatment, 9 persons in the prednisone-treated group were switched to placebos. 
This procedure was not followed by any additional reactions. Doubling the 
dosage of diethylearbamazine (to 100 mgm. four times daily) on the fifth day 
did not lead to any undesirable reaction. 

In the two groups of biopsy-negative persons treated with diethylcarbamazine, 
6 of 10 who received a placebo developed moderate to severe reactions; 2 of those 
treated with prednisone had some facial edema, but this was mild in nature. 

Prompt disappearance of the spontaneous allergic symptoms in two cases of 
mal morado treated with cortisone suggest that it is effective in treatment of 
this condition, which does not respond to anthistaminic therapy. Opportunity to 
test the effect of prednisone on similar spontaneously-appearing reactions did 
not present itself; in view of the efficacy of the drug in suppression of the more 
violent post-treatment reactions it may be anticipated that it also would prove 
successful. 


SUMMARY 


Diethylearbamazine treatment in onchocerciasis results in destruction of 
microfilariae in the subcutaneous tissues, but is frequently accompanied by severe 
allergic reactions in heavily infected persons. Preliminary trials of cortisone sug- 
gested that this drug might prove effective in suppression of such allergic reac- 
tions; further trials were then made with prednisone. Simultaneous diethyl- 
carbamazine-prednisone treatment was given to half of the individuals in a group 


of 40 persons heavily infected with Onchocerca, as judged by skin biopsies, 
and to a group of 20 persons with negative skin biopsies from the same planta- 
tion. The other half of each group was treated with diethylearbamazine and a 
placebo. In both cases, there were very few reactions in the prednisone-treated 
groups, and these reactions were generally mild in nature, while the control 
groups suffered from large numbers of severe reactions. 
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The nature of the immune response in experimental trichinosis has been as 
thoroughly studied as that in any helminthic infection. Bachman (1928) demon- 
strated dermal sensitivity to an antigen prepared from T'richinella spiralis 
larvae; with this antigen he was also able to carry out precipitin tests on the 
serum of infected animals. McCoy (1931) showed that rats previously infected 
with small numbers of trichina larvae developed resistance to reinfection. 
Further experiments by McCoy (1932) showed that adult Trichinella remained 
established in the intestine for variable periods of time following primary infec- 
tion, depending upon the size of the infecting dose; smaller numbers of worms 
were more rapidly lost, suggesting that larger inocula broke down the mecha- 
nisms of host resistance. In previously immunized animals, McCoy (1940) found 
that administration of large numbers of larvae resulted in prompt diarrhea, with 
elimination of the majority of larvae fed. Larsh and Race (1954) demonstrated a 
striking cellular reaction in the intestinal wall of nonimmunized mice just prior to 


the time at which adult worms began to be eliminated in some numbers; in 
animals which had been previously immunized this cellular reaction developed 
much earlier. 


McCoy (1935) was able to increase resistance of rats against Trichinella in- 
fection by intraperitoneal injection of living, heat-killed, or dried larvae; re- 
sistance was consistently less than that produced by normal intestinal infection. 
Anderson and Leonard (1940) produced a significant increase in resistance to 
infection in rats following intestinal transplantation of either male or female 
worms recovered from the intestines of other rats infected 24 hours previously. 
These unisexual infections demonstrate the possibility of production of immunity 
in the absence of the larval phase of infection. Zaiman and his coworkers (1953a, 
b, ¢), utilizing parabiotic rats, infected one animal and tested resistance to in- 
fection in the other member of the pair. They found that even when parabiotic 
rats were separated 5 days after infection, the uninfected member of the pair 
showed increased resistance upon challenge one month later. 

Oliver-Gonzdlez (1940, 1941) reported that both larval and adult T'richinella 
developed precipitates around the body openings when placed in sera from 
immune animals. Precipitates were formed around adult worms tested with sera 
taken early in infection; larvae reacted with sera taken at a later period only. 
When hyperimmune serum from infected rabbits was absorbed with powdered 
larval worms, precipitates no longer formed around living larvae placed in it; 
a lessened precipitate formation was noted around adult worms. Precipitin titer 
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of this serum against larval antigen, originally high, was reduced to zero after 
absorption. Slightly less precipitate was seen around both larvae and adults 
when they were placed in serum absorbed on powdered adult worms; the anti- 
larval precipitin titer of this serum was not altered. These observations were in- 
terpreted by Oliver-Gonzdlez as indicating the presence of qualitatively different 
antigenic substances in adult and larval worms, in addition to those which might 
be shared by both. 

Chute (1956) repeated in part Oliver-Gonzdélez’ experiments, but was unable to 
confirm some of his results. In the period between 30 and 300 days after infection, 
precipitates were always found around both adult and larval worms placed in 
immune serum. He concluded that Oliver-Gonzdélez’ results might be interpreted 
as reflecting quantitative rather than qualitative differences in antigenicity be- 
tween larvae and adults. Evidence was brought forth to suggest that passive 
immunization retarded growth of the larvae in rats. 

Precipitin and complement fixation tests have been used both for diagnostic 
purposes, and in experimental trichinosis. Their diagnostic application has been 
reviewed by Bozicevich (1951). Suessenguth and Kline (1944) described a 
flocculation test; others have been devised by Bozicevich et al. (1951) and 
Norman et al. (1956). 

Following reports of beneficial and often dramatic results with ACTH and 
cortisone therapy in human trichinosis (Davis and Most, 1951; Luongo et al., 
1951; Rosen, 1952; and others), various workers have examined the effects of the 
latter drug in experimental infections. Stoner and Godwin (1953, 1954) demon- 
strated that both nonimmunized and immunized mice were rendered more suscep- 
tible to infection during cortisone treatment. Coker (1955, 1956) reported es- 
sentially similar findings. He noted that cortisone treatment resulted in longer 
persistence of larger numbers of adult worms in the intestine, both in initial in- 
fections and in reinfected mice treated during the period of reinfection. 

The experiment reported here was designed to test the effect of cortisone 
treatment, started at the time of primary infection, on immunity to reinfection 
with Trichinella. 


MATERIALS AND METHODS 


The strain of Trichinella spiralis used in this experiment was obtained from 
Dr. Luis Mazzotti of the Instituto de Salubridad y Enfermedades Tropicales, 
Mexico, D. F. Larvae for infection of experimental animals were obtained from 
stock rats infected 2 to 3 months previously. The method used to recover larvae 
from these rats was, with minor modifications, that described by McCoy (1931). 
The larvae were washed several times in tap water, their numbers estimated by a 
dilution count, and the volume of water adjusted to contain approximately 
1,000 larvae per ml. An automatic syringe calibrated to deliver 1 ml. of fluid, and 
connected to a rubber Foley *8 catheter, was used for infection. The suspension 
of larvae was kept well agitated, and several counts on 1 ml. quantities delivered 
through the catheter indicated that the number of larvae delivered averaged 
1220 + 60 per ml. 





CORTISONE AND IMMUNITY TO REINFECTION WITH TRICHINELLA 555 


Sixty adult female Wistar rats were infected by stomach tube with 1 ml. of the 
larval suspension. After infection, the animals were divided at random into 3 
groups of 20 rats each. Group A was kept as untreated controls. Groups B and C 
were treated with cortisone, starting on the day of infection. An aqueous suspen- 
sion of cortisone acetate was diluted with physiological saline to contain 3 mgm. 
of the drug in 0.12 ml. of fluid; this quantity was administered daily by sub- 
cutaneous injection into the dorsum of all rats in Groups B and C. Group B was 
treated for a total of 30 days, and Group C for 60 days. 

Animals were maintained on Purina Laboratory Chow during the entire period 
of the experiment. There were five deaths, apparently from intercurrent infec- 
tions, during the first three months. Five months after infection, 19 animals re- 
mained in Group B, and 16 in Group C. At this time, the groups were subdivided 
as follows: 


Controls Cortisone 30 days Cortisone 60 days 
Group A'—10 rats Group B'—10 rats Group C!—11 rats 
Group A?—10 rats Group B*— 9 rats Group C*— 5 rats 


Groups A?, B? and C? were reinfected in the same manner as in the primary 
infection, each animal receiving 1500 + 100 larvae by stomach tube. Groups 
A', B' and C' were not reinfected. Six weeks following reinfection of the 3 groups 
of rats, the experiment was concluded. During the next two weeks the animals 
were autopsied; care was exercised to see that animals were taken from each 
group in rotation to equalize the time factor. The animals were killed by bleeding 


from the heart. Serum was obtained for serologic studies reported here; bio- 
chemica] studies by Dr. Henry Weimer on these sera will be the subject of a 
separate report. 

The animals were skinned, eviscerated and weighed. Each carcass was then 
passed four times through a meat chopper for thorough’ homogenization, after 
which a 25 gm. sample was taken for total larval count. The meat was digested by 
the method used to obtain larvae for infection. After digestion, the fluid contain- 
ing the freed larvae was placed in a funnel, to the bottom of which was attached a 
short piece of rubber tubing with a pinchcock. After refrigeration overnight, the 
larvae were drawn off into graduated centrifuge tubes. All larvae obtained from 
one 25 gm. sample of digested rat tissue were diluted with water to exactly 50 
ml., and 1 ml. samples of the well-agitated suspension were then counted. At 
least two counts were done on each specimen, and repeated counts when neces- 
sary to obtain an average. The number of larvae in 1 ml. of larval suspension rep- 
resented the number in 14 gm. of rat tissue, and this count was then multiplied 
by twice the weight of the rat in grams to determine the total larval count. 

Serum specimens obtained from all rats before autopsy were tested using a 
slide microflocculation reaction similar to that described by Suessenguth (1947), 
but modified as indicated below. Mature larvae for the antigen emulsion were 
obtained in the same way as those used for infection; they were washed five 
times in physiological saline and then lyophilized. Adult worms were obtained by 
the method described by Oliver-Gonzalez (1941); they were processed in the same 
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manner as the larvae except that they were washed with distilled water. As a 
source of antigen, 6.0 mgm. of lyophilized larvae (which contained approximately 
1.5 mgm. of NaCl derived from physiological saline) or 4.5 mgm. of lyophilized 
adult worms were used. The antigen emulsion was then prepared using smaller 
amounts of all reagents than were employed by Suessenguth (1947); the tech- 
nique used in performing the tests was unmodified. Titers were obtained by 
making two-fold serial dilutions of the serum in physiological saline. The end- 
point was considered as the highest dilution which produced a distinct floccula- 
tion reaction. 
RESULTS 


The average larval counts in each of the four experimental and two control 
groups are given in Table 1. This table also indicates the average number of 
larvae deposited in the musculature as a result of reinfection; these figures were 
obtained by subtracting, from the average number of larvae present in each group 
after reinfection, the average counts in corresponding groups given a primary 
infection only. Average highest titers of serum at which microflocculation re- 
actions could be obtained using larval antigen, and the percentage of animals in 
each group possessing antibodies demonstrable by this reaction, are also in- 
dicated. 


Variation in larval counts within each group was considerable, and for this 
reason the statistical significance of the results was investigated by means of the 
Student ‘‘t”’ test, which takes such variations into account in the calculation of a 
“significance level”. Significance levels of 0.05 or less were accepted as valid. 


The values obtained on analysis of selected counts are given in Table 2. Results 
of this analysis indicate that there is no significant difference between the controls 
before and after reinfection (Groups A! and A?), or between the unreinfected con- 
trols and the unreinfected 30-day cortisone experimentals (Groups A' and B'). 
The differences noted between the unreinfected controls and the unreinfected 
60-day cortisone experimentals (Groups A! and C’) is highly significant, as is the 
difference between the reinfected controls and reinfected 30-day cortisone ex- 


TABLE 1 


Effects of cortisone treatment during primary infection with Trichinella upon larval 
development following primary infection and reinfection 





Cortisone Treated 
Controls 


30 days 





Primary infection (1220 + 60 larvae) 
Avg. larval count 33,598 
Avg. titer serum giving pos. floc. 
Per cent sera pos. 
Reinfection (1500 + 100 larvae) 
Avg. larval count 261,155 
Avg. titer serum giving pos. floc. 7.6 
Per cent sera pos. 60 
Avg. no. larvae devel. after reinfec- 124,000 
tion 
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TABLE 2 


A statistical analysis of selected larval counts 





Wa of Differences 
— Between 
Means 


Group | Comparisons 


Degrees of eg? Significance 
Freedom | Level 


Rats 
Unreinfected controls 10 

vs 1,800 17 
Reinfected controls 


Unreinfected controls 
Vs 
Unreinfected 30-day C. 


Unreinfected controls 
vs 116,200 
Unreinfected 60-day C. 


Reinfected controls 
vs 121,500 
B? |  Reinfected 30-day C. 


A? Reinfected controls 
vs 
Cc? |  Reinfected 60-day C. 


* NS=Not significant. 


perimentals (Groups A? and B?). The lack of statistical significance of the dif- 
ferences between the reinfected 60-day cortisone experimentals and other groups 
is a reflection of the small size of this group. 

Serum for microflocculation tests was available from only 47 animals. While 33 
of the rats developed circulating antibodies demonstrable by means of the micro- 
flocculation test with larval antigen, only 8 possessed antibodies which could be 
demonstrated with a similar test using adult worms as a source of antigen. With 
the larval antigen, reactions were obtained with serum dilutions up to 1:32, 
while the adult antigen gave at best only “plus-minus’”’ reactions with undiluted 
serum. With both types of antigen, control tests with serum from uninfected rats 
gave consistently negative results; repeated tests on the same sera from infected 
animals demonstrated that results could be duplicated consistently. 


DISCUSSION 


When cortisone was administered to rats during, and for varying periods after 
primary infection with T'richinella, such treatment was found to result in the 
establishment of more larval worms in the musculature than were seen in controls 
similarly infected but not treated. It was also noted that cortisone treated 
animals developed no resistance to reinfection by virtue of their initial exposure. 
Coker (1955, 1956) and Stoner and Godwin (1953, 1954) have observed that 
cortisone-treated mice are more susceptible to primary infection than their 
normal controls, and that treatment of cortisone lowers the resistance of pre- 
viously infected mice when it is administered during the period of reinfection. 
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Larsh et al. (1952) observed a significant loss of adult worms from the small 
intestine of mice between 11 and 14 days following primary infection with 
Trichinella. McCoy (1932) showed that in light primary infections in rats adult 
worms were never found in appreciable numbers after the 15th day. Cortisone 
treatment during primary infection is known to result in longer persistence of 
larger numbers of adult worms in mice. At the end of 30 days, Coker (1955) 
found that only 1.6 per cent of the initially administered larvae could be re- 
covered as adult worms from the intestines of untreated animals, while 53.4 per 
cent were still present in mice which had received cortisone for the entire period. 

Coker’s control mice developed a much heavier initial infection than that seen 
in our rats, and 30-day cortisone treatment of mice resulted in a two-fold in- 
crease in the numbers of larvae established in the musculature. Initial infections 
in our control rats were light, but within the range of those reported by McCoy 
(1931, 1935). Thirty-day treatment with cortisone resulted in a small, statistically 
nonsignificant, increase in larval count in our animals. Treatment for 60 days 
resulted in a very material increase in the number of larvae established in the 
musculature. That cortisone treatment for either of these periods of time pro- 
foundly affected the immune mechanisms of these animals is evidenced by the 
larval counts in reinfected animals. 

Immunity in the untreated rats after primary infection was apparently such as 
to prevent development of a challenge infection to the point of larval encystment 
in the muscles. McCoy (1931) noted such immunity, but thought that it might 
decrease with time. Our results indicate that immunity persists at a high level for 
at least 5 months. Reinfection of the two cortisone-treated groups resulted in 
successful development of approximately equal numbers of worms in each group, 
as measured by larval counts. The 30-day treated and reinfected group (Group 
B*) harbored an average of 110,000 more larvae per animal than their controls 
(Group B') which had been infected only once; the 60-day treated animals 
(Group C*) showed an increment of about 124,000 larvae as a result of rein- 
fection. 

The serologic studies reported here must be interpreted with caution. Cir- 
culating antibodies, demonstrable by the larval flocculation reaction, were 
present in the serum of 7 of 10 untreated animals 6 months after the initial in- 
fection; in 7 of 8 untreated animals antibodies were demonstrable a month after 
reinfection, although the reinfection itself was abortive. Not only did more 
animals possess circulating antibodies after reinfection, but titration of their 
sera indicated that individual titers were higher in the reinfected animals. In the 
60-day treated but unreinfected group, only 5 out of 11 animals possessed demon- 
strable circulating antibodies; the average titer of serum in the 5 animals in which 
antibodies were detected, as well as the average titer for the entire group, was 
lower than the comparable figures for the unreinfected controls. Upon reinfection 
of part of the 60-day treated group, the sera of 3 out of 5 animals gave a floccu- 
lation reaction, and the average titer in this group was roughly comparable to 
that seen in the reinfected controls. However, one animal in this smal) group had 
the highest titer encountered in the entire series (1:32), while the other two 
titers were much lower (1:2 and 1:4). 
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With the information available, it is probably not possible to give a satis- 
factory interpretation of the larval counts or serologic reactions seen in the 
groups treated with cortisone for 30 days. By analogy with what is known to be 
the case in mice (Coker, 1955), and from the results of prolonging the treatment 
to 60 days in rats, it may be assumed that at the end of 30-day treatment sig- 
nificant numbers of adult worms were still present in the intestines. How quickly 
these were eliminated after cortisone withdrawal is not known; likewise we have 
no information concerning the antibody status of the animals at this critical 
period. Kass and Finland (1951) reviewed the conflicting reports of the effect 
of cortisone on antibody production, and concluded that most of the evidence 
suggested little interference with antibody formation, except as over-all gamma- 
globulin and antibody content of the blood might be depressed by prolonged ad- 
ministration of the drug. Production of circulating antibodies certainly did not 
seem to be affected by 30-day treatment with cortisone, although antibody 
formation did appear to be depressed in those animals treated for 60 days. 

A direct effect of serum antibodies on both larval and adult development was 
demonstrated by Chute (1956). Rats immunized by injections of killed whole 
larvae, or “secretions and excretions” of larvae were found to harbor significantly 
lower numbers of adult worms than their controls early in infection, and of 
encysted larvae later. Passive immunization of rats with hyperimmune serum 
from rabbits was found to affect development of Trichinella larvae, when this 
procedure was carried out during the phase of muscle migration and encystment. 
Numbers of larvae recovered from the muscles after migration was completed 
did not differ greatly in the immunized and control groups, but the average size 
of larvae in the immunized group was significantly less. Campbell (1955) pre- 
viously found that inoculation of mice with secretions and excretions of larvae 
stimulated an immune response, resulting in decreased numbers of larvae be- 
coming established in the musculature. Adult worms were eliminated from the 
intestine earlier in immunized mice, and the adult females were significantly 
smaller than those infecting control animals. 

It seems quite possible that the histologic reaction noted by Larsh and Race 
(1954) around adult worms at the time of their expulsion from the intestine is an 
expression of tissue hypersensitivity of the delayed “infectious” variety. If so, it 
would depend not on circulating antibodies but on fixed tissue antibodies (Raffel, 
1953) and would be independent of the circulating antibody level as measured by 
larval flocculation or other serologic procedures. The results of Zaiman and his 
coworkers (1953 a, b, c) with parabiotic rats are consistent with this interpre- 
tation, as hypersensitivity of the infectious variety can be transferred from one 
animal to another only through transfer of cells such as lymphocytes. 

Steroid hormone treatment is known to block the expression of the delayed 
hypersensitivity reaction both in man and experimental animals (Barclay and 
Ebert, 1953; and many others). The effects of steroid treatment during primary 
exposure to an antigenic stimulus, upon the development of an anamnestic re- 
sponse following reexposure, are not so well known; suggestive evidence is seen 
in the delayed return of cutaneous hypersensitivity after withdrawal of cortisone 
(LeMaistre et al., 1953; Weimer and Boak, 1953). Further studies are in progress 
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to determine whether susceptibility to reinfection in cortisone treated animals is 
indeed on the basis of suppression of a specific delayed hypersensitivity in the 
gut, independent of the circulating antibody status of the host. 


SUMMARY 


Cortisone was administered to 40 of a total of 60 rats, starting on the day when 
all animals were infected with Trichinella larvae by stomach tube. Twenty 
animals were treated for a total of 30 days; the other 20 received cortisone for 60 
days. Five months after the primary infections, approximately half of each group 
of rats was reinfected. Five weeks later, all animals were killed; serum was taken 
for serologic studies and larval counts were made to determine the numbers of 
larvae encysted in the musculature. Animals treated for 30 days with cortisone 
developed slightly greater numbers of encysted larvae than their untreated 
controls; those treated for 60 days were found to contain very much larger 
numbers of larvae in the muscles. Upon reinfection, the untreated controls failed 
to develop additional larvae in the musculature, while the animals treated for 30 
and 60 days developed large (and approximately equal) numbers of larvae. 

Serologic studies, using lyophilized larvae as the source of antigen for a 
microflocculation test, demonstrated the presence of a measurable amount of 
circulating antibody in the untreated controls after primary infections. More of 
the animals demonstrated higher titers of antibody upon reinfection. Animals 
treated with cortisone for 30 days developed a high titer of circulating antibodies, 
while those treated for 60 days largely failed to develop any demonstrable anti- 
bodies. 

To explain the lack of immunity to reinfection on the part of both 30 and 60- 
day treated animals, in spite of the presence of a high titer of circulating anti- 
bodies in the 30-day group, it is suggested that resistance to adult worms may be 
brought about by a specific delayed tissue hypersensitivity of the infectious 
variety, involving the intestinal mucosa. There is some evidence that such hyper- 
sensitivity may be masked by the action of cortisone. 
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In the last few years, the syndrome of marked eosinophilia associated with 
visceral lesions has received considerable attention in the medical literature. 
This syndrome, found to be due primarily to the invasion of viscera by Tozxocara 
larvae (Beaver et al., 1952) was named visceral larva migrans. It occurs mostly 
in children under three years of age and has a broad geographic distribution. 
Diagnosis on clinical grounds is difficult since the symptoms may often simulate 
other conditions. In severe cases, diagnosis may be obtained by demonstrating 
larvae in granulomatous nodules of the liver (Brill et al., 1953). Microscopic 
examination both of stained serial sections and of digested tissue may be neces- 
sary for such a diagnosis (Smith and Beaver, 1955). Leukocytosis with marked 
eosinophilia and hyperglobulinemia chiefly due to an increase in gamma globulins 
have been used as aids in diagnosis (Heiner and Kevy, 1956). In view of the fact 
that Toxocara eggs occur frequently and abundantly in dooryard soil (Beaver 
et al., 1952), and that no efficient method of diagnosis exists, it is believed that 
this parasitism may be much more common than reported and the cause of cer- 
tain diseases of obscure etiology (Beaver, 1954). Except for Heiner and Kevy 
(1956) who reported bands of precipitation with the sera of 3 patients, no sero- 
logical tests for visceral larva migrans have been described in the literature. 

A series of investigations were carried out in the attempt to develop serological 
means for a laboratory diagnosis of this infection. Previous research had revealed 
that the bentonite flocculation test gave consistently satisfactory results in the 
diagnosis of trichinosis in man and lower animals (Bozicevich et al., 1951; Sadun 
and Norman, 1955a, 1955b; Normanet al., 1956). Therefore, an attempt was made 
to employ the bentonite flocculation test for detecting antibodies to infections 
with Toxocara canis in man and lower animals. Selected sera were also tested by 
the complement-fixation and precipitin reactions. 


MATERIALS AND METHODS 


Adult Torocara worms were obtained by flushing the intestines of young dogs 
euthanized at the City Dog Pound of Atlanta, Georgia, and Jacksonville, Florida. 
After rinsing the worms in several changes of water, all the males and some of 
the females were stored in a deep freeze at —20° C. for subsequent preparation 
of adult antigen. For the collection of eggs, fresh mature female worms were slit 
longitudinally from a point just anterior to the vulva to the posterior extremity. 
The distal third of the uterus was then removed and placed in a Petri dish con- 
taining 2% sodium hydroxide (Jung, 1955, personal communication). After the 
uterine walls were dissolved by the sodium hydroxide, the egg suspensions were 
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washed repeatedly and the clean eggs were transferred to another Petri dish con- 
taining 0.5% formalin in distilled water, and incubated for 1 month at 25° C. 
Some eggs, before incubation, were transferred from the sodium hydroxide in the 
distilled water and stored at —20° C. for the preparation of egg antigen. For the 
preparation of crude antigen, adults and eggs were lyophilized, ground in a mor- 
tar and extracted in saline for 3 hours at 22° C followed by overnight extraction 
at 4° C. Fat-free antigen was prepared by grinding dried adults and eggs in ether 
in a Tenbroeck tissue grinder following, essentially, the various steps described 
by Chaffee and his co-workers (1954) for the preparation of antigen from schisto- 
somes. Variations of this method were also performed by using chloroform and 
ether to remove the lipids and by using, as extracting fluid, Simm’s X-6 solution. 
An acid-soluble protein fraction of the adults was prepared according to the 
method described by Melcher (1943). Aliquots of the finished product in the 
form of a powder were sealed under reduced pressure and stored at 4° C. 

The flocculation test was performed according to the instructions published 
by Bozicevich et al. (1951). The only modification introduced was the buffering 
of the stock antigens to bring the pH to neutral. Only those reactions which were 
read at 3 or 4 plus were recorded as positive. Both positive and negative controls 
were included in each day’s run of tests. All the sera were inactivated before floc- 
culation tests were performed. The complement-fixation test was performed by a 
modified Kolmer 50% end-point fixation method. Ring-precipitin tests were per- 
formed in 2 mm. tubes. Reactions were read after 30 and 60 minutes’ incubation 
at 37° C. and after overnight storage at 4° C. 

Twelve white rabbits, between 2 and 3 kilograms in weight, were used in these 
experiments. Of these, seven were fed intragastrically one or more doses of be- 
tween 13,000 and 40,000 embryonated Toxocara eggs. The remaining five rabbits 
were given intramuscularly variable amounts of antigenic material absorbed onto 
aluminum hydroxide. Rabbits which were kept in the laboratory as stock animals 
for other experiments were bled from time to time as a source of negative control 
serum. In addition, mice were inoculated as controls of the viability of the eggs. 
The rabbits were bled routinely from the marginal ear vein just before inoculation 
and every week thereafter up to the end of the experiment. Occasionally, when 
large amounts of serum were needed, they were bled from the heart. The sero- 
logical response of rabbits was followed for 11 months. Human sera from asymp- 
tomatic white Americans, from children whose clinical findings were compatible 
with a diagnosis of visceral larva migrans, and from special groups such as Amer- 
ican Indians and Korean prisoners of war, were also used in these experiments. In 
addition, sera from laboratory, domestic and wild animals were tested for the 
presence of antibodies to Toxocara canis. 

Total and differential leukocyte cell counts were also done regularly on several 
rabbits for 6 months. Blood smears for the differentiation of leukocytes according 
to Wintrobe (1945) were stained with Wright’s stain and not less than 100 
counted. 

Electrophoretic analysis of serum proteins was made on six rabbit sera. Two 
sera were obtained from uninfected animals, two from animals three weeks after 
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they received a single dose of 40,000 7. canis eggs, and two from animals which 
received multiple doses of from 13,000 to 20,000 eggs over a period of about one 
year. 


RESULTS 


Preliminary experiments indicated that no flocculation could be obtained when 
crude antigenic extracts of eggs and adult worms with bentonite were used. 
The bentonite particles were then coated with defattened extracts of adults and 
eggs so that a flocculation test could be performed by the use of these antigens. 
However, the floccules which were formed in the presence of sera from immunized 
rabbits were large and difficult to interpret. Also, spontaneous flocculations often 
occurred even after unusually large amounts of Tween 80 were added to the test 
antigen which in addition was found not to be stable, so that results could seldom 
be repeated the following day. Modifications of these tests by dissolving the 
lipids with chloroform and ether and by extracting the antigen in Simms X-6 
solution gave no better results. An acid-soluble protein fraction of Toxocara 
adults was then prepared. With this antigen, readable and reproducible reac- 
tions were obtained. Acid, alkaline and neutral adjustments of the antigen 
revealed that optimum results could be obtained at a neutral pH. Therefore, all 
tests in the following experiment were carried out with an acid-soluble protein 
fraction of Toxocara adults after adjusting the pH of the antigen to between 6.8 
and 7. 

In order to test the stability of the sensitized bentonite particles after adjust- 
ment with Tween 80, 10 sera were tested with two different lots of antigen at 
different times. Three separate aliquots of the antigen of one lot were tested each 
day for three consecutive days. Within the limits of the experimental set-up, no 
obvious deterioration of the antigen occurred during the first two days. However, 
beginning with the third day of storage, spontaneous flocculation was observed. 
It was also found that the results could be repeated even after storage of the 
sensitized bentonite particles at 4° C. for three weeks before adjustment with 
Tween 80. Stability of sensitized bentonite particles stored for longer periods of 
time was not tested. In general, variations between replicate runs on consecutive 
days differed as little as one twofold dilution. This is considered to be within the 
range of normal variations for the flocculation test. Greater variations were often 
encountered when different lots of antigen were employed. 

The sera of experimentally-infected rabbits were found to have antibodies, 
demonstrable by the bentonite flocculation test, 2 to 3 weeks after infection. The 
antibody response was roughly related to the eosinophile count, which varied 
between 1 and 3 per cent before inoculation, increased to about 20 per cent two 
to four weeks after inoculation, and then gradually decreased to increase again 
following subsequent inoculations. The sera of artificially immunized rabbits 
were also shown to have antibodies demonstrable by the flocculation test. These 
antibodies were detected 7 to 21 days after inoculation. Some sera from infected 
and artificially-immunized rabbits were also tested by the precipitin and the 
complement-fixation reactions. Table 1 indicates the close agreement in the 
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TABLE 1 
Comparison of results of serological reactions on sera from infected and artific tally 


LINNLUNUZE d rabbits 


Results of Serological Tests 
Rabbit . Complement 
No o - Flocculation bar ogg Pre 


recipitir recip 
> fixation jecipitin Precipitin 
he me Purified Purified Crude 


antigen antigen antigen 
antigen 


Artificial immunization Positive Positive Positive Positive 
Artificial immunization Positive Positive Positive Positive 
Artificial immunization Positive Not done | Positive Positive 
Artificial immunization Positive Negative Positive Positive 
Artificial immunization Positive Positive Negative Positive 
Active infection Positive Negative Positive Negative 
Active infection Positive Not done Positive Positive 
Active infection Positive Not done Negative Positive 
Active infection Positive Not done Positive Positive 
Uninfected control Negative Negative Negative Negative 


results obtained with the various serological tests. All of the sera from artificially- 
immunized and actively-infected rabbits were positive in more than one sero- 
logical test; whereas, the serum from the uninfected control was negative in all 
tests employed. 

Klectrophoretic patterns of six rabbit sera are shown in Figure 1. Elevated 
vamma globulins were observed in each of the four sera from infected animals. 
In addition, elevated alpha 1 globulins could be observed in the sera from rabbits 
which received a single heavy dose of 7. canis eggs. 

In order to test whether Vorocara antibodies can be detected in primates 
following infections with this parasite, flocculation tests were performed on sera 
from 5 monkeys. Three of these animals were fed approximately 900,000 embry- 


onated eggs each in several doses over a period of about one year by Dr. P. 


Beaver, Tulane University. The infectivity of Toxocara larvae for each of these 


animals was confirmed by several positive liver biopsies. The other two monkeys 
from a different laboratory were used as uninfected controls. 

About one year after the last inoculation, the experimentally infected monkeys 
gave positive reactions at titers of 1:40° 1:5 and 1:5. Twenty months after the 
last inoculations sera from these monkeys were still positive at the same titers as 
before. Eosinophile counts at this time were somewhat elevated (between 8 and 
11 per cent). The parasitic infections of these monkeys were limited to Tovocara, 
Strongyloides and intestinal protozoa. The sera from uninfected controls gave 
consistently negative reactions. 

Normal sera from rabbits, chickens, goats, guinea pigs, monkeys, turkeys, 
pigeons, cows, horses, hamsters, mice, sheep, rats, cats and pigs were tested by 
the bentonite flocculation test. In view of the inconsistent reactions that were 
occasionally observed at a serum dilution of 1:5, only reactions at a dilution of 
1:10 or more were recorded as positive. One out of 75 rabbits, 5 out of 9 horses, 


2 out of 3 chickens, and | out of 7 sheep sera gave positive reactions with Tovocara 
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6 


Fic. 1. Electrophoretic patterns of sera from 6 rabbits. Sera numbers 1 and 3 were col 


lected 20 days after a single inoculation with 7. canis eggs. Sera numbers 5 and 6 were 


collected after repeated inoculations with 7°. canis eggs over a period of several months 
Sera numbers 2 and 4 were obtained from uninfected controls 


antigens. All the others were negative. Sera from 105 wild animals trapped in 
south Georgia were also tested. These animals included raccoons, opossums, 
skunks, fox squirrels, rabbits, wildeats, foxes, wild rats and cotton rats. A few of 
these animals were necropsied and helminth infections other than 7’o.xocara canis 
were found to be present. Four out of 47 raccoons and | out of 8 wildeats gave 
positive reactions. All the others were negative. 

Sera from 285 human beings and experimental animals infected or immunized 
with viruses, rickettsiae, bacteria, protozoa and helminths were also tested with 
the antigen. Three out of 6 sera from persons immunized against rabies; 1 out of 
6 rabbits immunized against Salmonella spp.; 1 out of 10 rabbits immunized 
against Pasteurella pestis; 3 out of 6 rabbits infected with Chonorchis sinensis; | 
out of 7 rabbits immunized against Echinococcus granulosus; and 1 out of 79 
rabbits infected with Trichinella spiralis gave positive reactions. A total of 31 out 
of 45 sera from rabbits infected or immunized against Ascaris lumbricoides were 
positive with Toxocara antigen. Negative reactions were obtained with all the 
other sera although the men and animals concerned developed high titers to the 
specific antigen with which they were immunized. 
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Only 1 of 282 sera from asymptomatic Americans gave positive results with 
Toxocara antigen. Of 105 sera from Korean prisoners of war with a high incidence 
of Ascaris lumbricoides and Entamoeba histolytica, 2 were positive. Of 24 sera from 
children having high eosinophilia and symptoms comparable with those of vis- 
ceral larva migrans, 6 were positive. 


DISCUSSION AND SUMMARY 


The results of these experiments, in general, reveal that specific antibodies 
are produced following active infection or artificial immunization with Tozxocara 
canis. These antibodies are detectable in a reproducible manner by the floccula- 
tion, and in a less consistent manner by the complement fixation and the pre- 
cipitin tests, with the use of an acid-soluble protein fraction of adult Tozxocara 
worms as the source of antigen. Similar results were obtained with the precipitin 
test in which crude extracts of the adult worms were used as antigen. Indirect 
additional evidence in favor of a serological response to this infection was ob- 
tained by observing a marked hypergammaglobulinemia in animals infected with 
Toxocara. 

Experiments in rabbits indicated that the flocculation test with a purified 
antigen can detect antibodies at a relatively early date after exposure. A suffi- 
ciently high level of reactivity could be detected for several months after infec- 
tion. Similar results with the flocculation test could be obtained when the same 
sera were repeatedly tested at different times with the same antigen. However, 
when different lots of antigen were employed, quantitative differences in the 
results of the test were observed. The results of flocculation tests with sera from 
human beings and animals infected or immunized with different viruses, rick- 
ettsiae, bacteria, protozoa and helminths failed to indicate any extensive degree 
of cross reaction with any of these organisms with the exception of Ascaris 
lumbricoides. This observed cross reaction may not always be present, since a 
relatively low percentage of positives was obtained with sera from Korean pris- 
oners of war, most of whom were infected with A. lumbricoides, and from wild 
animals trapped in south Georgia, many of which were infected with large intes- 
tinal roundworms. 

In spite of the encouraging and suggestive results obtained, sufficient informa- 
tion is not yet available regarding the sensitivity and specificity of these tests to 
justify their use for the laboratory diagnosis of visceral larva migrans. In fact, 
in view of occasional inconsistent results obtained when different lots of antigens 
were employed and of the frequency of non-specific reactions at serum concen- 
trations of 1:5 or greater, serological tests for visceral larva migrans must still 
be regarded to be in the experimental stage. 
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THE ROLE OF FLIES IN THE TRANSMISSION OF EYE 
DISEASE IN EGYPT! 


C. D. McGUIRE? anp R. C. DURANT 


U.S. Naval Medical Research Unit No. 3, Cairo, Egypt 


Conjunctivitis in Egyptian children is most prevalent during those seasons of 
the year when maximum fly populations are present. Howe (1888) states that 
the number of cases of conjunctivitis in Egypt increases in proportion to the 
number of flies; and Wilson (1936) concluded that flies and heat are the two 
most important factors in the spread of epidemic conjunctivitis in Egypt. 

The purposes of the present study were to determine the gross number of 
bacteria and the various bacterial types associated with the two common species 
of Egyptian housefly captured on the faces of children, and to correlate the 
bacterial flora of flies with the etiology of eye infections. 


METHODS 


Flies were collected between the hours of nine and eleven in the morning once a 
week throughout the year. The sites of collection were the villages of Sindbis 
and Mit Halfa, each located about 20 kilometers north of Cairo in the Nile 
Delta. Flies were captured individually in lusteroid test tubes 30 x 100 mm. in 
size by placing the open end of the tube against the child’s face over the fly. 

On return to the laboratory the flies were counted and speciated. The species 
commonly found visiting the faces of children were Musca domestica vicina and 
Musca sorbens. The incidence of these two species is reported elsewhere (De- 
Coursey et al., 1956). 

Each species was distributed into pools of ten flies. The flies were killed with a 
drop of chloroform and placed in sterile glass vials, which were divided into two 
equal lots: one lot was used to determine the surface bacterial flora and the 
other the internal bacterial flora of the flies. 

The surface bacterial flora was determined as follows: ten ml. of sterile saline 
was added to each vial, which was thoroughly agitated by mechanical shaking 
for 10 minutes. The saline was then decanted into a sterile test tube for subse- 
quent plating onto differential media and for viable bacterial counts. 

The mternal bacterial flora was determined in the following manner: The 
surface of the flies was sterilized by adding 10 ml. of a 1:100 water dilution of 
benzalkonium chloride, USP 10 per cent (Winthrop Stearns) to each vial. After 
thirty minutes of intermittent agitation the solution was poured off and the 
surface-sterilized flies were washed in four changes of sterile water. An aliquot of 
the final wash water was inoculated onto blood agar to make sure that no viable 


1 The opinions and assertions contained herein are the private ones of the authors and 
are not to be construed as official or reflecting the views of the Navy Department or the 
naval serviee at large. 

2 Present address: Naval Medical Research Institute, National Naval Medical Center, 
Bethesda 14, Maryland. 
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bacteria could be recovered from the surface of the flies. The flies were then 
triturated in 10 ml. of saline in a sterile mortar, the debris was allowed to settle, 
and aliquots of the supernate were transferred to sterile test tubes for subsequent 
plating onto differential media and for viable bacterial counts. 

Plate counts. Serial tenfold dilutions in saline of the preparations described 
above were prepared. One ml. of each dilution was placed in a petri dish and 20 
ml. of 2 per cent nutrient agar cooled to 45° C. was poured into each plate, which 
was incubated 24 hours at 37° C. Plate counts were made using a Quebec bacterial 
colony counter and results were expressed as the number of bacteria per pool of 
flies. 

Media. The following media were employed in the study: nutrient blood agar 
prepared from Difco Bacto Blood Agar Base with 5 per cent defibrinated sheep 
blood; chocolate blood agar prepared from Difco Bacto Proteose Peptone No. 3 
with one per cent Difco Bacto Supplement B and 5 per cent defibrinated sheep 
blood; Difco Bacto Blood Tellurite Agar; and Difco Bacto MacConkey’s Agar. 

Bacterial flora of flies. Each medium was inoculated with a 0.01 ml. aliquot of 
the supernatant saline obtained from fly washing or trituration. The inoculum 
was dallied evenly over the entire surface of the agar. The chocolate blood agar 
plates were incubated in a Brewer jar with 10 per cent carbon dioxide at 37° C., 
and all other plates were incubated at 37° C. under aerobic conditions. After 24 
hours incubation colonies were picked from the primary media and gram-stained 
smears were prepared. Organisms suspected of being Hemophilus or Neisseria 
were subcultured on various media. 

Bacterial flora of eyes. Children selected throughout the vilages of Sindbis and 
Mit Halfa were studied for bacterial flora of the eyes. Sterile cotton swabs 
moistened in physiological saline were rotated gently in the epicanthus and under 
the eyelids of children whose faces were fly covered. The conjunctivae of children 
showing clinical evidence of acute ophthalmia were cultured daily throughout 
the period of their ophthalmic disease. None of these children were under therapy 
of any kind. 

The eye swabs were inoculated onto chocolate blood agar and nutrient agar 
within one minute after the swab was taken. The prevailing high temperature of 
the ambient air maintained the plates at incubator temperature until they 
could be returned to the laboratory. The chocolate blood agar plates were in- 
cubated under 10 per cent carbon dioxide tension. All plates were incubated at 
37° C. for 24 or 48 hours. 


RESULTS 


Plate counts. Table 1 gives the mean number of viable bacteria obtained by 
plate counts from the number of fly pools indicated. In both species of fly there 
were approximately 20 times the number of internal bacteria as external bacteria. 
Approximately twice the number of bacteria were associated with Musca domes- 
tica vicina as with Musca sorbens. 

The number of bacteria found on the surface of flies in any single pool varied 
from 100 to 8 X 10°, while the number found internally in any single pool varied 
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TABLE 1 
Mean number of bacteria per pool of M. d. vicina and M. sorbens 
M. d. vicina M. sorbens 
External Internal External Internal 
Number of pools 27 27 38 38 
Organisms per pool 2.6 X 10° 8 X 10° 1.2 X 105 3.3 X 10° 
i TABLE 2 


Vumber of fly pools containing the bacterial types indicated, on the surface and in the gut of 
Musca domestica vicina and Musca sorbens 


M. d. vicina M. sorbens 
External Internal External Internal 

Bacillus 16 17 23 16 
Clostridium l 1 0 1 
Corynebacterium 3 6 16 18 
Gaffkya 2 0 l 0 
Hemophilus 1 2 1 2 
Neisseria 0 0 2 l 
Sarcina 8 9 1 2 
Staphylococcus 

Beta-hemolytic 6 § s 6 

Nonhemolytic 14 7 25 19 
Streptococcus 

Alpha-hemolytic 7 26 16 31 

Beta-hemolytic 5 10 8 8 

Nonhemolytic 2 20 3 11 
Coli-aerogenes 80 80 80 80 

Total pools 80 80 80 80 


from 500 to 3 X 10’. No consistent seasonal variation in total bacteria count was 
found in either species of fly. 

Bacterial flora of flies. The bacterial types isolated from the exterior surface 
and internal structures of M. sorbens and M. d. vicina are shown in Table 2. 
These results are based on flies collected monthly throughout the year. Eighty 
pools of each species were analyzed for surface bacteria and another 80 for 
internal bacteria, a total of 320 pools. 

In selecting colonies from the primary media for identification an attempt was 
made to include at least one colony of each representative type on the plate. The 
results in Table 2 therefore indicate only the number of pools containing the 
specified bacterial types. The presence of coliform bacteria was determined by 
culturing on MacConkey’s Agar, but the members of the enteric group were not 
differentiated. 


Table 3 shows the number and per cent of pools containing the indicated 
bacterial types which were found in M. d. vicina (V) and M. sorbens (S) during 
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TABLE 3 


Bacterial types found in M. d. vicina (V) and M. sorbens (S) by months. Number and per cent 
of pools in which the indicated bacteria were isolated 


| Jan | F d Apr | May | Jun | July | Aug Sep | Oct | Nov | Dec 


| s\v|siv|s|v |s|visivisivisivisiv|s|visivs 
Bacillus No. | 5 é | 3 723 | 610) 1) 2) 4) 3) 5 
‘ | ¢ 5,46) 37\20)50)19 |15)19)14/33'33)30 28 
Corynebacterium | No. | 1} 1) 518) 2) 4 | | } 1) 1) | 
| 62'52\50)25 
Gaffkya 


Hemophilus 
Neisseria 


Sarcina 


Le 


Beta staph. 


= 
> 


a 
or . 
-_ 
oN be 


11) | aa | 
16, |20| 5 


6 ] | 
1 | 1 


Nonhem. staph | | 3| 3| 5| 9} 3/18) 3) 5 
| | | 5\50\50!7531/37| 37|52\75)31 9} | {16 

Alpha strep | No. | | 3 8118 2) 4 6 2) 4 4) 1) 1) 1 
37|50|100/52'50/25 15|11 2866/33/10) 5/16 
| 4) 1 12/15) | | | 

| 3125] | | |30|28 | 
Nonhem. strep. No. | 2,12 | 26 3/2 1) 2,2) 1 1| 3 
33) |12| | 25|18/75|12 2| 41416, | | 5/2 


—_ 
to or 
— 
w 


> 


Beta strep 


| 





Total pools 24 0/20) 2| 6| 4/16/24) 8/34) 4/16 0) 0.40152! 7| 6,12/10)18)12) 5) 0 


Analyzed 1 | | BEE Bae 





each month of the year. The total number of pools fluctuates from month to 
month due to the seasonal variation in the prevalence of the two species. Many 
different bacterial types were recovered in the months between March and 
November when the number of flies was high, while from December to March 
there were relatively few types, possibly because of the smaller number of flies 
and the slight improvement in village sanitary conditions coincident with colder 
weather. Although it is not shown in Table 3, coliform organisms were obtained 
from every fly pool in all months of the year. 

The data in Table 3 indicate that some seasonal variation occurs in the 
bacterial types associated with flies, although no seasonal variation was observed 
in the total bacterial count. 

In the Micrococcus group a sharp increase in the per cent of positive pools 
occurs in March and is maintained until October. Within the Micrococcus group 
the Beta hemolytic staphylococci and streptococci were isolated most frequently 
during August, while the nonhemolytic and Aipha-hemolytic micrococci were 
found most often during April, May and June. 

The pools containing Corynebacterium ranged from 0 to 10 per cent throughout 
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TABLE 4 
Bacterial flora of eyes of 75 children selected at random in the village 





Bacterial Type | Number of Isolations 





Bacillus 

Diphtheroid 

E. coli 

Proteus 

Sarcina. . 

Staphylococcus 
Beta-hemolytic 
Nonhemolytic 

Streptococcus 
Alpha-hemolytic 
Beta-hemolytic 
Nonhemolytic 

Negative 








the year, except during May and June when 50 per cent or more of the pools 
contained that organism. 

No significant seasonal variation is apparent in the Bacillus group, and in the 
case of Hemophilus and Neisseria the number of isolations was too small to allow 
any conclusion to be drawn concerning seasonal incidence. 

Bacterial flora of eyes. A total of 75 children were included in the eye-flora 
studies. Eyes were swabbed, as previously described, once each week during the 
months of August and September. Children under the age of three years, who 
showed no clinical evidence of eye disease and who had not learned to fan flies 
away from their faces, were used in this study. Table 4 is a compilation of the 
bacterial types recovered from the eyes of these children. Twenty-two of the eye 
swabbings produced no bacterial growth on the inoculated plates. Fifty-three 
swabbings gave a total of 70 bacterial isolations. 

Bacterial flora of eyes in cases of acute ophthalmia. During the months of August 
and September, when ophthalmias were most prevalent, the eyes of infant chil- 
dren with acute ophthalmia were swabbed daily throughout the period of their 
ophthalmic attack. Direct smears prepared from eye secretions contained many 
pus cells and numerous gram-positive cocci, both free and phagocytized. Neis- 
seria gonorrhoeae was cultured from the eyes of three children, a Hemophilus influ- 
enzae (Koch-Weeks bacillus) from one child. Alpha and Beta-hemolytic micro- 
cocci, both staphylococcal and streptococcal forms, were isolated from all cases 
except the three caused by N. gonorrhoeae. The six nongonorrhoeal or non-Koch- 
Weeks cases resolved spontaneously without treatment within 8 days from the 
onset of the disease. 

DISCUSSION 


The bacterial contamination of flies found in Egyptian villages is uniformly 
high. Cox (1912) and Scott (1917) reported tremendous numbers of bacteria 
carried by flies, especially where unsanitary conditions prevailed. De La Paz 
(1938) who studied the bacterial flora of flies caught in Manila, P. I., found the 
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bacterial types to be very diversified. Floyd (1953) studied the Egyptian housefly 
as a carrier of human enteric pathogens and found that approximately 11 per 
cent of the flies carried Salmonella or Shigella. 

We have observed that in addition to the fecal organisms found in every pool 
of flies examined, the bacterial flora of flies included the etiologic agents of various 
respiratory diseases and pyogenic infections, and in a few instances N.. gonorrhoeae 
and the Koch-Weeks bacillus. 

The data do not demonstrate any significant preference of bacterial types for 
either species of fly studied. It was observed, however, that the Micrococcus 
group of organisms was isolated much more frequently from the internal struc- 
tures of flies than from the surface, which suggests that fly transmission of disease- 
producing bacteria may be both mechanical and biological in nature. 

Thygeson (1936) reports that streptococci and staphylococci are the organisms 
most commonly associated with nonspecific conjunctivitis and keratitis. In 
Egypt, the hemolytic micrococci were the organisms found most frequently in 
flies and in the eyes of normal children as well as in children with nonspecific 
conjunctivitis. Several of these organisms isolated from either flies or eyes, pro- 
duced a mild conjunctivitis in rabbits similar to that frequently observed in 
Egyptian children. 

Although we have demonstrated the presence of N. gonorrhoeae and H. influ- 
enzae in infected eyes and in flies, the greater number of bacterial ophthalmias 
associated with fly infestation of the faces and eyes of Egyptian children appear 
to be caused by streptococci and staphylococci, and possibly in some instances by 
enteric bacteria. 

SUMMARY 


Two species of flies, M. d. vicina and M. sorbens, collected from the faces of 
Egyptian village children from August, 1955, through June, 1956, were studied 
for types of internal and external bacterial] flora. Enteric bacteria were found in 
every pool of flies, and organisms associated with respiratory infections, con- 
junctivitis, and pyogenic infections were frequently isolated. Although seasonal 
variation in total numbers of bacteria was not observed, organisms of the Micro- 
coccus group were isolated more often than other organisms, and indicated some 
seasonal variation in prevalence, which was not entirely explainable on the basis 
of relative fly prevalence. The beta-hemolytic staphylococci and streptococci 
were isolated most frequently during August, while the nonhemolytic and alpha- 
hemolytic micrococci were found most often during April, May and June. The 
corynebacteria were isolated most frequently during May and June. 

Bacterial types similar to those isolated from flies were obtained from both 
normal and diseased eyes of Egyptian children. The organisms most commonly 
isolated from either eyes or flies were the hemolytic micrococci, several of which 
produced ophthalmia in experimentally infected rabbits. 


REFERENCES 


Cox, G. L., Lewis, F. C., anp Guiynn, E. E., 1912. The number and varieties of bacteria 
carried by the common housefly in sanitary and unsanitary city areas, J. Hyg. 12: 
290-319. 





FLIES AND TRANSMISSION OF EYE DISEASE 


De La Paz, G. C., 1938. The bacterial flora of flies caught in foodstores in Manila, Philip- 
pine Islands, Monthly Bull. Bur. Hlth., P. I. 18: 393-412. 

DeCoursey, J. D., McGuire, C. D., Orro, J. S., anp Durant, R. C., 1956. The role of 
flies in the transmission of non-enteric diseases in the Middle East, U. S. Naval Medi- 
cal Research Unit No. 8, Cairo, Egypt, Report NM 005 050.57.01 pp. 1+4. 

FLoyp, T. M., anp Cook, B. H., 1953. The housefly as a carrier of pathogenic human en- 
teric bacteria in Cario, Jour. Egypt. Pub. Hlth. Assn. 28: 75-85. 

Howe, L., 1888. Egyptian ophthalmia, 7th Inter. Congr. Ophth. Wiesbaden. Becker u Hess, 
p. 323. 

Scort, J. R., 1917. Studies upon the common house-fly (Musca domestica Linn). I. A gen- 
eral study of the bacteriology of the housefly in the District of Columbia, J. Med. 
Res. 37: 101-119. 

TuyGeson, P., 1936. Ophthalmia neonatorum: a study of 261 cases, Trans. Am. Ophth. 
Soc. 34: 340-371. 

Witson, R. P., 1936. 11th Annual Report, Memorial Ophthalmic Laboratory, Giza. Egypt. 
pp. 95-112, Cairo, 1937. 








VAGILITY OF AUSTRALORBIS GLABRATUS, THE SNAIL 
INTERMEDIATE HOST OF SCHISTOSOMA 
MANSONI IN PUERTO RICO! 


DAVID PIMENTEL,’ P. C. WHITE,’ anp VICTOR ILDEFONSO 


Communicable Disease Center, Public Health Service, U. S. Department of 
Health, Education, and Welfare, Savannah, Georgia 


This report is the second in a series of studies on the ecology of Australorbis 
glabratus, the snail intermediate host of Schistosoma mansoni in Puerto Rico. 
The study of the vagility of A. glabratus was designed primarily to obtain infor- 
mation regarding the movement of the snail within a water body but obser- 
vations also were made on various modes of movement of snails from one water 
body to another. Such data have practical significance in both the epidemiology 
and control of schistosomiasis. 


METHODS 


In this experiment, measuring the movement of snails within a body of water 
included collecting, marking, releasing, and again collecting the marked snails. 
The snails were collected with wire nets. Any adhering mud was wiped off the 
specimens, after which they were placed on screen drying-racks. Care was taken 
to keep the snails out of direct sunlight. 

To mark the snails, a quick-drying lacquer was applied with a No. 3 camel 
hair brush near and into the aperture of the specimen. The lacquer was applied 
close to the aperture since the rubbing of the cephalpedo mass kept the lacquer 
surface clean and bright. Lacquer not so placed became dark brown in color 
within two weeks, which hindered the identification of the marked snails. No 
mortality occurred when care was taken not to touch the cephalpedo mass with 
fresh lacquer. 

The study was made in the 2,700-foot length of the upper end of a stream, 
Quebrada Blasina. This length was divided into 13 areas, each averaging 208 
feet. Stakes were placed at the ends and in the middle of each area. In each area 
all the snails which could be easily located were collected, marked with a color 
specific for that area, and then released at the middle stake. The snails were 
released carefully so they would have a chance to take hold of vegetation or the 
stream bottom near the point of release and would not float downstream with 
the current. 

Thereafter, in checking the snail population, each area was divided further 


into 52 four-foot sections. Each section was numbered and listed as being so 
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many feet either upstream or downstream from the center stake of its area. 
Observations on the movement of A. glabratus were made for 7 weeks, five 
checks being made per week for the first 3 weeks, four for the fourth week, three 
for the fifth week, and one per week for the following 2 weeks. To be able to sur- 
vey the entire 2,700-foot length of the stream in 8 hours, only snails which 
could easily be collected were examined. After examination, the snails were then 
returned carefully to the same points from which they were taken. 
RESULTS 

A total of 11,307 snails between 8 mm. and 29 mm. maximum diameter was 
marked and released into the Quebrada Blasina. From the number of marked 
snails released and the ratio of marked to unmarked snails later collected, it was 
calculated that a total of 29,058 snails between 8 and 29 mm. existed in the 
study area. 

The greatest movement away from the points of release occurred during the 
first 24 hours, the average distance being 6 feet upstream or downstream (Table 
1). The amount of movement was probably increased by the handling during 
marking and also by the crowded conditions at the points of release. Thereafter, 
gradual movement from the points of release took place until the second week, 
when the average distance from the points of release was 23 feet upstream and 
19 feet downstream. After the second week the snails remained in the same 
general distribution for the ensuing 5 weeks. Thereafter, almost twice as many 
snails moved downstream as moved upstream; this could not be attributed to 
a specific tropism for downstream movement but seemed to be caused by the 
physical force of the water, a conclusion supported by the static distribution of 
A. glabratus after the second week (Table 1). 

From the standpoint of physical environment (Pimentel and White, in manu- 
script) certain habitats in the Quebrada Blasina were more suited than others 


TABLE 1 





The movement of Australorbis glabratus from points of release in the Quebrada Blasina stream 


No. 
Observed 
Upstream 


Distance (feet) 
| Traveled Downstream 


r = (feet) No 
Time of raveled Upstream NO. 

_ Observed 
Observation Beaune 


Total No. 


| Average | 


Range Average | 
6.3 | 644 1110 1754 
4.9 861 1262 
5.0 316 535 
10.4 270 552 
12.3 | 271 488 
375 547 

644 927 
1879 2853 
1101 1612 
521 725 
130 196 
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TABLE 2 
Number of Australorbis glabratus counted in four sections 4’ x 4' during a 7-week check period 
Sections 
Date 
I II Il IV 
| 
3-18 | 12 | 24 | 17 | 23 
3-19 6 17 23 16 
3-22 18 | 17 11 5 
3-23 18 16 3 24 
3-24 21 24 3 18 
3-25 18 | 12 2 18 
3-26 13 17 4 14 
3-30 39 | 7 3 28 
3-31 34 59 1 22 
4-1 27 51 6 18 
4-2 | 24 | 87 3 13 
4-5 | 31 46 7 19 
46 | 48 | 56 3 | 12 
4-7 40 43 5 15 
4-9 33 36 8 18 
4-12 | 39 | 45 | 3 12 
4-13 46 38 7 10 
4-15 33 | 49 8 19 
4-19 58 | 39 6 | 10 
4-29 49 39 | 4 13 
5-6 31 | 4 | 2 | 7 
Average........... 31.3 | 38.0 | 6.1 | 16.4 








to A. glabratus. Although some A. glabratus could be found at all times in the 
“suitable habitats”, the numbers found in any one specific area varied consider- 
ably from day to day (Table 2). The change in numbers of the colonies was 
probably the result of movement in search of food and may also have reflected 
diel (24-hour cycle) migration (Pimentel, in manuscript). Since the counts were 
made in relatively small areas, 4 feet square, the snails had to travel only a short 
distance to change the count in a test area. 

Further proof that A. glabratus inhabit more or less specific locations in a 
stream is shown in Figure 1. The 1,429 red-marked snails were released at the 
zero stake. From the zero to the 20 foot stakes and from the 60 to the 100 foot 
stakes the water was faster-flowing than in the region between the 20 and 60 foot 
stakes. The majority of the unmarked snails were located between the 20 and 60 
foot stakes in this 100-foot length of water, and the marked snails moved pro- 
gressively downstream toward the same area. By about the fifth day the marked 
snails had arranged themselves in a pattern similar to that of the unmarked 
snails, and little change occurred thereafter, as indicated by the pattern four 
weeks after release. The snails certainly were capable of moving greater distances 
(Table 1), but apparently they moved only far enough to locate themselves in a 
suitable habitat. 
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The decrease in the number of marked snails (Figure 1) was due primarily to 
the wearing off of the marking lacquer. The paint held well for 2 weeks but after 
that the decline in marked snails recovered was significant. A few of the recov- 
ered specimens did remain marked for as long as 18 weeks. 

During the 7 weeks of the experiment there were four light rains, but the maxi- 
mum stream-level rise caused by the heaviest rain was only 1 inch. The effects 
of rainfall upon the movement of the snails in this experiment were considered 
negligible. 

From general observations, it was noticed that snails move from one body of 
water to another in various ways. Of first importance is the transport of snails 
from one stream to another by flood waters but it is also possible for small snails 
to adhere to the legs of water fowl or other animals fording streams, and to be 
transported in that way. 

A. glabratus eggs may be laid on such insects as Dytiscidae, Hydrophilidae, or 
Belostomatidae and be carried from one body of water to another. In Catherine’s 
Rest (South) reservoir on St. Croix, Virgin Islands, a hydrophilid was collected 
with a small (approx. 1.5 mm.) Helisoma cuvensis attached to the upper portion 
of the right elytron. Another instance of snail attachment to insects was observed 
in the Quebrada Collores at Humacao, Puerto Rico. Here, a small (approx. 2 
mm.) Ferrissia beaui was found attached to the metasternum of a belostomatid. 
These insects could easily have carried the snails to other water bodies. 

In a laboratory study on the survival time of young snails (1 to 2 mm.) and 
eggs of A. glabratus when removed from water (Pimentel, in manuscript), it was 
found that all the small snails and eggs remained alive for 15 minutes out of water, 
but that after 30 minutes both young snails and eggs had died. However, within 
the 15 minutes that the eggs and small snails can remain alive out of water it is 
possible for aquatic insects to carry them for considerable distances. 


SUMMARY 


A total of 11,307 Australorbis glabratus was marked and released at various 
points in a 2,700-foot length of the upper end of a stream, Quebrada Blasina, in 
Puerto Rico. A. glabratus moved an average distance 6 feet both upstream and 
downstream in the first 24 hours. By the second week the average distances the 
snails had moved from the release points were 19 feet upstream and 23 feet 
downstream. After the second week the snails remained in the same general 
distribution for the ensuing 5 weeks. 

A. glabratus are found in colonies in more or less specific locations in a stream. 
Observations indicated A. glabratus are transported from one water body to 
another by flood waters or by the adherence of eggs or young snails to the legs 
of water fowl or animals fording streams. Insects were collected with snails 
attached to them, and might be responsible for transporting snails from one 
body of water to another. 





POPULATIONS OF THE MOST ABUNDANT ECTOPARASITES AS 
RELATED TO PREVALENCE OF TYPHUS ANTIBODIES OF FARM 
RATS IN AN ENDEMIC MURINE TYPHUS REGION 


WILLIAM W. SMITH 


Communicable Disease Center, Public Health Service, Atlanta, Georgia, and 
Emory University Field Station, Newton, Georgia 


* Murine typhus fever, caused by Rickettsia typhi, is endemic in the United 
States between the latitude of northern Kentucky and the southernmost limits 
of the country. Since 1943, the majority of the human cases have occurred in 
rural areas rather than in the towns and cities where they were previously pre- 
dominant. This fact has been noted most recently by Stewart and Hines (1954), 
and is substantiated by previous reports from workers in most of the southeastern 
states. 

Commensal rats, Rattus norvegicus and several varieties of R. rattus (rattus, 
alexandrinus, and according to Morlan ef al., 1952a, frugivorous), which occur on 
the scattered farms within this region, are believed now to be the important 
vertebrate reservoirs of murine typhus in the United States (Mohr e¢ al., 1953). 
Few, if any, of these rats are feral in this region for even part of the year; their 
occurrence is confined to occupied or recently vacated premises (Ecke, 1955). 

Whereas rats and their ectoparasites in towns and cities are susceptible to 
quick and relatively economical control and eventual eradication by widely used 
and practical measures, rats on farms represent a different problem because con- 
trol measures are much more difficult and expensive to apply. The rural rats also 
bear higher and lower ectoparasite burdens at certain times of the year than do 
the rats of most urban premises, due to the more direct effects of abiotic factors. 
Rat-infested farm premises in the endemic zone of murine typhus are therefore 
of particular importance as reservoirs of typhus and the ectoparasites on these 
rats are possible vectors. The purpose of this paper is to indicate the relative 
importance of each of the chief ectoparasites of the commensal rats living in rural 
premises where murine typhus has long been endemic as shown by their monthly 
prevalences and the monthly prevalences of antibodies to typhus in rural rats. 
This information is desirable as a guide to the procedures necessary for the 
elimination of this communicable disease. 


METHODS 


During the period 1946 through 1951, many cooperative state-federal typhus 
control programs were in operation. The plans and results of these programs have 
been reported by Wiley (1948), Wiley and Fritz (1948), Williams (1949), and 
Mohr ef al. (1953). In connection with these operations, rats were trapped in 
many locations throughout the typhus-endemic area to evaluate the control 
programs. Ectoparasites from rats were removed, identified, and counted. Sera 
were tested for the presence of typhus antibodies by complement-fixation tests 
essentially as described by Mohr e¢ al. (1953). Complement fixation at a titer of 
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1:8 or higher was considered positive evidence of infection. The presence or ab- 
sence of antibodies and the degree of infestation by ectoparasites were used to 
evaluate the effectiveness of the control work. To supply comparative evaluative 
data, large numbers of rats were taken from premises which had never had flea 
control measures of any kind and were processed as were the rats from treated 
premises. Many rats were taken from farm premises, mainly barns and sheds, 
where they are more subject to ambient conditions than are rats and ectopar- 
asites in stores, restaurants, and other buildings which are heated during cold 
weather. 

Reliable estimates of seasonal abundance of the principal ectoparasites and 
their relationships to the maintenance of murine typhus in nature can be as- 
certained by summarizing by months the data on rats from farm premises for 
the 1946-51 period. 

The relative importance of the prominent flea, mite, and louse parasites of the 
commensal rats of farm premises in the transmission of typhus within rat popu- 
lations in nature is still debatable although the ability of these ectoparasites to 
transmit the disease among rodents in the laboratory has been demonstrated by 
several studies cited by Kohls (1948). 

Two hundred and seventy Norway rats, R. norvegicus, and 378 roof rats, R. 
rattus, were trapped alive on untreated farm premises in Alabama (1 county), 
Arkansas (1 county), Georgia (6 counties), and Texas (21 counties). These 
counties (Figure 1) are located within the 50 to 60 per cent relative humidity 
zone (average July noon) of the United States and are intermediate between the 

LOCATION OF COUNTIES (SHADED) FROM WHICH RATS WERE COLLECTED 
AND BOUNDARIES OF THE 50-60% RELATIVE HUMIDITY ZONE 
50 % 


60% 


Fic. 1. Location of counties (shaded) from which rats were collected and boundaries 
of the 50-60% relative humidity zone. 
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zone of highest incidence among rats and the zone where infection is found only 
occasionally. Eskey and Hemphill (1948) have shown that the number of human 
cases is high in this area. 


RESULTS AND DISCUSSION 


The relationship of population density of ectoparasites to incidence of typhus 
antibodies in commensal farm rats is indicated by the results of the studies here 
reported. The ectoparasites considered are the most abundant flea, mite, and 
louse species found on rats, and are the same species previously recorded as most 
abundant on commensal rats from both urban and rural areas in the southern- 
most United States (Pratt and Good, 1954). The data were obtained from 1944 
through 1951 when climatic conditions were favorable for the propagation of the 
ectoparasites and for a high incidence of typhus among rats. The examination of 
habitats unaffected by organized control programs was also possible during this 
period. Because of the uniformity of sampling procedures, the monthly indices of 
rats infested with the various ectoparasites are believed to be satisfactory for 
comparison with the monthly incidences of typhus antibodies in rats (Figures 2 
through 7). 

The Oriental rat flea, Xenopsylla cheopis, is the most common non-sticktight 
flea found on commensal rats in the southeastern states. This flea is recognized as 
the most important vector of murine typhus from rat to rat, and rat to man in 
areas where it is abundant. The graphs (Figures 2 and 3) show 3-month moving 
averages of murine typhus antibodies in rats, the monthly percentages of rats in- 
fested with Oriental rat fleas, and the monthly average numbers of these fleas per 
infested rat for Norway and roof rats. Correlation between the first two monthly 
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Fig. 2. Monthly percentages of Norway rats with murine typhus antibodies and Xeno- 
psylla cheopis infestations, and average numbers of X. cheopis per infested rat on farms 
in the southern United States, 1946-1951. 
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Fig. 3. Monthly percentages of roof rats with murine typhus antibodies and Xenopsylla 
cheopis infestations, and average numbers of X. cheopis per infested rat on farms in the 
southern United States, 1946-1951. 
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Fic. 4. Monthly percentages of Norway rats with murine typhus antibodies and Bdel- 
lonyssus bacoti infestations and average numbers of B. bacoti per infested rat on farms in 
the southern United States, 1946-1951. 


curves mentioned is very significant (r = .829 and .804 respectively, P < .01) 
for both Norway and roof rats. However, no significant correlation can be demon- 
strated in Figures 4, 5, 6, and 7, which compare the same data for the tropical rat 
mite, Bdellonyssus bacoti, and the spined rat louse, Polyplax spinulosa. 

As shown in Figure 2, the incidence of typhus antibodies in Norway rats tends 
to be unimodal while that of roof rats (Figure 3) is bimodal. If peaks in reproduc- 
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Fic. 5. Monthly percentages of roof rats with murine typhus antibodies and Bdellonys- 

sus bacoti infestations, and average numbers of B. bacoti per infested rat on farms in the 
southern United States, 1946-1951. 
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Fig. 6. Monthly percentages of Norway rats with murine typhus antibodies and Poly- 


plax spinulosa infestations, and average numbers of P. spinulosa per infested rat on farms 
in the southern United States, 1946-1951. 


tion of rats are associated with spring and fall seasons as shown by Morlan et al. 
(1952a), bimodal peaks of typhus infections could be expected as susceptible 
young rats become infected, provided Oriental rat fleas are present in sufficient 
numbers. No explanation is readily apparent as to why this should occur in roof 
rats but not in Norway rats. 


The rise of typhus antibodies starts very early in the year and accompanies the 
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Fic. 7. Monthly percentages of roof rats with murine typhus antibodies and Polyplaz 


spinulosa infestations, and average numbers of P. spinulosa per infested rat on farms in 
the southern United States, 1946-1951. 


rise in infestation rates in both species of rats. It reaches its first peak before the 
peak of infestation by Oriental rat fleas is reached. Since demonstrable antibodies 
must be preceded by an incubation period, an infectious stage, and a period for 
the development of antibodies, it appears that the curve for prevalence of typhus 
antibodies should lag at least one month behind the curve for rate of infestation. 

The average annual percentage of rats infested by Oriental rat fleas and the 
annual mean number of fleas per infested rat are higher for Norway rats from 
farm premises (22.6% and 17.0) than for roof rats (11.1% and 4.5) from farm 
premises (Table 1). Similar data have been obtained for rats from urban premises 
in Jacksonville, Florida (Rumreich and Wynn, 1945), in Mobile, Alabama 
(Cole and Koepke, 1946), in Honolulu, T. H., and in Savannah, Georgia, and 
Dothan, Alabama (Cole and Koepke, 1947a, b, c). 

On the basis of these data, the Oriental rat flea, X. cheopis, is the most im- 
portant ectoparasite concerned in the transmission and maintenance of murine 
typhus in the commensal rat populations of these rural premises. 

The tropical rat mite—Bdellonyssus bacoti is the most abundant bloodsucking 
mite found on the commensal rats of rural premises in the southern states. 
The importance of B. bacoti in natural transmission of murine typhus to rats and 
to man has been debated since laboratory transmission by this mite was first 
reported by Dove and Shelmire (1931). In more recent experiments, Hayes ef al. 
(1948) and Worth and Rickard (1951) failed to accomplish transmission by 
feeding infected mites on susceptible rats, or by several other methods. 

Previous studies have suggested that in the southeastern states this mite is 
most abundant on commensal rats during the late spring and early summer 
months, and in the fall (Communicable Disease Center, Typhus Control Branch, 
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1947). Figures 4 and 5 indicate that the period of lowest abundance occurs during 
fall and early winter in the more limited area concerned in this study. The 
highest percentages of infested Norway rats occurred during the first seven 
months of the year, but higher annual average number of mites (15.2) per in- 
fested rat occurred on the roof rats. Morlan and Utterback (1952b) also noted 
that greater percentages of roof rats than of Norway rats in Grady County, 


TABLE 1 


Monthly incidences of murine typhus antibodies in farm rats and ectoparasite indices in the 
50-60% relative humidity zones* of four southern states ,t 1946-51 
(3-month moving averages) 
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Georgia, were infested by tropical rat mites, but that the opposite was true for 
Oriental rat fleas and spined rat lice. 

Data from this study indicate that the tropical rat mite is of doubtful im- 
portance in the maintenance of murine typhus in rural rats under natural con- 
ditions. 

The spined rat louse—Polyplax spinulosa is the third ectoparasite associated 
most often with commensal rats in the southern states. It is predominant in 
numbers and is found on a greater percentage of commensal rats throughout a 
given year than is any other ectoparasite (with the possible exception of certain 
fur mites which are not often recovered by the methods used in this study). This 
louse was shown to be readily infected with typhus rickettsiae by Mooser et al. 
(1931) who considered it the most likely vector of the disease from rat to rat in 
Mexico. 

Previous studies indicated that average numbers of spined rat lice per rat 
(Norway and roof rats combined) were lowest during late summer and early fall 
(Communicable Disease Center, Typhus Control Branch, 1947). These studies, 
based upon samples composed chiefly of Norway rats, generally showed that a 
decline in per cent of rats infested and average numbers per infested rat occurred 
in September. It is evident that for both Norway and roof rats (Figures 6 and 7) 
the percentages of rats infested during September and October were relatively 
lower, while the average numbers of lice per infested rat rose considerably. This 
could be anticipated on the basis of the tendency of the rats to congregate in 
more protected sites at the approach of cool weather. The increase in body 
contact between rats, especially the mother and young, may account for the rapid 
rise and high level of per cent of rats infested during the spring breeding season. 
The annual average number of spined rat lice per infested rat is considerably 
larger for Norway rats (8.4) than for roof rats (5.4) (Table 1). There is no sig- 
nificant correlation between per cent of rats infested and monthly incidence of 
typhus antibodies. 

The spined rat louse does not appear to be of any practical importance in the 
transmission or maintenance of murine typhus among the commensal rats of the 
rural premises studied. 


SUMMARY 


Ectoparasite faunas of 270 Rattus norvegicus and 378 R. rattus were studied. 
These rodents were taken alive from untreated rural premises in areas of four 
southern states where the average noon relative humidity in July is from 50 to 
60 per cent. Collections were made during a period when ectoparasites and in- 
cidence of typhus were at high levels. The monthly abundance of the Oriental rat 
flea, Xenopsylla cheopis, was found to be associated with the monthly incidences 
of typhus antibodies in both Norway and roof rats. Populations of the tropical rat 
mite showed no significant association with the monthly incidences of antibodies 
in rats. Populations of the spined rat louse were not found to be related sig- 
nificantly to the occurrence of typhus in rats, as indicated by presence of anti- 
bodies, and is considered of no practical importance in natural transmission 
among the rats considered in this study. 
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BOOK REVIEWS 


Parasites and Parasitism, by THomas W. M. Cameron, Professor of Parasitology, Mc- 
Gill University and Director, Institute of Parasitology, Macdonald College, Canada. 
ist Edition, 322 pp. illustrated. New York, John Wiley & Sons, Inc., 1956. $6.75. 

In contrast to numerous texts and reference books on human and veterinary parasi- 
tology, only three English language publications on comparative parasitology and para- 

sitism have appeared in recent years, viz., Pearse (1942), Baer (1951) and Lapage (1951). 


It is therefore a matter of considerable interest to have a new contribution to this latter 
field written by one who is eminently capable of viewing the subject in its wide perspec- 
tive. The volume is dedicated to Sir Patrick Manson, father of Tropical Medicine, and to 
Professor Robert Thomson Leiper, dean of British helminthologists. 

Following a brief ‘Introduction’ in which it is emphasized that parasites, like all 
other forms of life, in general carry out the physiologic processes common to all, the author 
develops his thesis by considering first ‘“The Parasites’ then ‘The Host and its Reac- 
tions’. ‘“‘The Parasites’? are presented under three main categories, (1) The Protista, 
including Bacteria, Fungi, Spirochaeta, Protozoa, Viruses and Rickettsiae, (2) The Lower 
Metazoa, consisting of Coelenterata and The Helminths (Platyhelminths, Nematoda and 
Nematomorpha) and the Higher Metazoa, viz., Annelida, Arthropoda, Mollusca and 
Vertebrata. The chapters dealing with ‘“The Host and its Reactions” include Parasitism, 
Infectious Diseases, Factors Involved in the Distribution of Parasites, Principles of Con- 
trol of Parasites and Parasitic Diseases, Host Specificity and Evolution of Parasites. At 
the end of the volume there is a useful bibliography, a systematic classification with cross 
references to the pages in the text where each item is discussed, and a subject index which 
includes definitions and derivations of many technical terms employed in the body of the 
text. 

The information presented under ‘‘The Parasites’’ is both comprehensive and illumi- 
nating, and indicates that the author’s knowledge of parasitology is much broader than 
his professional interests as teacher and research worker in human and veterinary para- 
sitology. The reader should be particularly satisfied with Professor Cameron’s considera- 
tion of the protozoa, helminths and arthropods, containing numerous examples showing 
phylogenetic relations. Although bacteria, fungi, spirochetes, viruses and rickettsias are 
usually considered exclusively or primarily in texts on microbiology, the author’s point 
is probably well taken that these organisms should be viewed from the same vantage point 
as the protozoa. This section of the book is altogether stimulating and presents new con- 
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cepts and theories on group relationships. In the section on ‘“The Host and its Reactions”’ 
the chapters appear to represent lectures which are basically accurate but lack the vi- 
tality and originality of the earlier section. 

There are several minor inaccuracies and discrepancies which have been discovered. 
Malariologists will not agree that for Plasmodium vivaz (p. 49) ‘‘in man the complete asex- 
ual cycle, taking place in the red blood cells, occupies exactly forty-eight hours,” or that 
in this species (Fig. 21, p. 51) exo-erythrocytic development takes place in “endothelial 
cells”. Moreover, there is recent convincing evidence that the miracidium of digenetic 
trematodes (p. 84) does not have a high degree of selectivity for the molluscan intermediate 
host. The generic name Macracanthorhychus should be employed in place of Gigan- 
torhynchus (p. 113) in referring to the species gigas, and Dioctophyma is preferred to Dioc 
tophyme (pp. 132, 234 and Index). Probably most parasitologists will not support classi- 
fication of the ‘‘Pentastomes”’ (p. 149) ‘‘as an appendix to the annelid worms,” retaining 
this group in the arachnids. In considering the origin of antibodies (p. 217) the views pre- 
sented are interesting but not entirely satisfying in the light of modern immunologic in- 
formation; yet the reader will agree with Professor Cameron that older teleologic and 
anthropocentric ideas must be discarded. 

The volume is beautifully printed, attractively bound, almost free of typographic 
errors, and the illustrations (115 figs.) are all of unusual artistic merit. Figures 110 and 
111 have been reproduced on a reduced scale from the author’s essay on ‘‘Parasitism, 
Evolution and Phylogeny”’ which appeared in Endeavour (XI, No. 44, 1952). Since no 
credit lines are attached to any of the illustrations it is assumed that they are all original. 

Both author and publisher are to be thanked for publication of this valuable contribu- 
tion to the field of parasites and parasitism. 

Ernest CARROLL Favst 


Histéria da Lepra no Brasil. Volume III. Perfodo Republicano (1890-1952), by Herac f- 
pES-CESAR DE Souza-Aravuso, Chefe do Laboratério de Leprologia do Instituto Os- 
waldo Cruz. Ist edition, 715 pages. Rio de Janeiro, Departamento de Imprensa Nacional 
do Brasil, 1956. 

This monumental work on leprosy in Brazil has now reached its third large volume, a 
book of 715 pages covering the history from 1890 to 1952. A large part of the present vol- 
ume comprises the transcription of scientific articles, reports, parliamentary discourses 
and polemics over the gravity of the problem of leprosy in Brazil, many of which are in- 
accessible even to their own authors, and are unknown to the majority of workers in this 
field. A thousand copies have been printed by the Ministry of Education and Public Health 
of Brazil; of these some have been distributed gratuitously to medical libraries around 
the world and the rest will be sold and the entire proceeds added to the capital fund of the 
International Society of Leprology. 

Dr. Souza-Araujo, who has published over 250 articles and other works since 1911, 
mainly on leprosy, is to be congratulated on the completion of this great task, the fruit 
of a long and varied experience, and of years of intensive collection and preparation of 
material. He says in his Preface: ‘“There is enough matter left over for a fourth volume, 
in large part classified chronologically by states; but occupied as Iam . . . with a variety 
of labors, I have no hope of being able to publish it. I prefer to leave that for younger 
leprologists who have supported the onus of the leprosy campaign since 1931.” 

L. W. Hackerr 


The Nature of Brucellosis, By Westey W. Srinx, M.D., D.Sc., Ist edition. 446 pp., illus 
trated. Minneapolis; The University of Minnesota Press, 1956. $8.00. 
This is a most perplexing volume to review, for every part is so packed with interest 
that none stands out as calling for special mention over and above the rest; though, nat 
urally, each reader will turn first to the particular feature of brucellosis that concerns 


him most, and wherever he may turn he will not be disappointed. Every aspect of the dis- 
ease is covered here—clinical, illustrated by 244 case-records; diagnosis, with descriptions 
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of laboratory procedures and their evaluation; treatment, including a critical assessment 
of results; eradication of the disease, with details of the nation-wide scheme now elab- 
orated from that originally adopted in Minnesota; and reports of recent researches. Those 
who have been puzzled by the problems of chronic brucellosis will welcome the informa- 
tive discussion on this condition, which includes the group of persons who continue in ill 
health after all objective evidence of active disease has disappeared. Do they suffer from 
a persisting infection, or are their complaints only the residuals of an infection that has 
died out? Brucellosis itself has a severe impact on the nervous system, as shown by the 
characteristic mental depression and vaso-motor dysfunction, so that persons already 
emotionally unstable and maladjusted have great difficulty in convalescing from a dis- 
ease that in itself can contribute to emotional instability. Research has shown that a con- 
stant and highly significant feature of brucellosis is the localization and proliferation of 
the organisms within the cytoplasm of the tissue phagocytes, and may result in an infec- 
tion which continues for years, with or without illness. Another outstanding happening 
in the disease is the tissue hypersensitivity to brucella antigens that develops and may 
last for many years. It appears that the response of hypersensitized tissues to the presence 
of persisting and living brucellae, intra- or extracellular, may be responsible for main- 
taining symptomatic illness over long periods. 

In areas of endemic brucellosis, still another problem arises in this connection, for a 
significant proportion of the population may have brucella antibodies in their sera. Thus, 
in the Minnesota hospitals 20 per cent. of healthy blood-donors give an agglutination as 
high as 1:80 for Br. abortus; and a similar proportion, a positive skin reaction. In the case 
of a patient who is tired, anxious, and complaining of vague aches and pains, and who 
gives these positive tests, but nothing more definite, a diagnosis of chronic brucellosis is 
of no help if the illness arises from a basic emotional disorder: indeed, the failure of spe- 
cific treatment in such a person will only plunge him into still deeper despair. ‘‘Extreme 
caution must be displayed before a diagnosis of chronic brucellosis, when it is supported 
by few objective data, is applied to an emotionally unbalanced patient’’. 

The author of this treatise is eminently equipped for the task: his twenty years of in- 
vestigation in Minnesota—where brucellosis is a serious problem of public health, as well 
as a threat to the livestock industry—have been reinforced by further studies in many 
parts of the world and by a critical analysis of the work of others, all illuminated by a 
bibliography of over 900 entries. The sum total of knowledge thus collected has been dis- 
tilled and refined so as to furnish the material for this admirable monograph, which is as- 
sured of a warm welcome from practising physicians, laboratory workers, public health 
officers, and veterinarians, ‘alike. 

W. P. MacArtuur 


Protein Malnutrition, Proceedings of a Conference in Jamaica (1953) sponsored jointly 
by the Food and Agriculture Organization of the United Nations (F.A.O.), 
World Health Organization (W.H.O.), Josiah Macy Jr. Foundation, New York, by 
J. C. Water.ow, editor. 277 pp. illustrated. New York, Columbia University Press, 
1956, $3.50. 

This conference drew together a panel of twenty-six distinguished participants from 
many parts of the world to discuss the scientific and technical aspects of protein under- 
nutrition and kwashiorkor, a malady of vast importance to a large segment of the world’s 
population of children. The published report is recommended to those workers in the fields 
of biochemistry, pediatrics, pathology, agriculture, nutrition and public health to whom 
we must look for solutions of this outstanding nutrition problem of the underdeveloped 
areas of the world. 

The Jamaica Conference of 1953 had been preceded by a number of other meetings of 
experts on the same subject sponsored by W.H.O. and F.A.O. In the present instance it 
was decided to utilize the informal discussion technic of previous Macy conferences. This 
means that there were no formal agenda or papers, interruption of speakers was 
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encouraged, and discussion was unorganized and free. The result is that the experienced 
reader will find here a rich interplay of differing points of view and experience regarding 
protein malnutrition in young children, while those who feel the need for a comprehensive 
and structured review of the subject at hand must turn elsewhere. The technic followed 
does have the advantage of bringing to the fore and examining areas of lack of knowledge 
and differences of opinion, hypothesis and interpretation. 

The four sessions of the Jamaica Conference dealt respectively with the biochemical 
aspects, pathology, clinical aspects and treatment, and epidemiology and prevention of 
protein malnutrition in children. 


A. Huaues Bryan 


An Atlas of Regional Dermatology, by G. H. Percivat, M.D., Ph.D., F.R.C.P.E., D.P.H. 
AND T. C. Donps, F.I.M.L.T., F.I.B.P., F.R.P.S. Illustrated with 475 Clinical Sub- 
jects in Full Colour. 264 pp. Baltimore, The Williams and Wilkins Co., 1955. $19.00. 
This Atlas shows very clearly that the authors have spared no time and no effort in 

gathering suitable cases, and in selecting the subjects for photographing. Various forms 

of the common dermatoses are depicted and arranged according to the regions they affect, 
as follows: head and neck, hands and arms, feet and legs, generalized eruptions. 

As the authors point out, this arrangement inevitably leads to some duplication but 
this reviewer finds this duplication instructive and not excessive. The colored reproduc- 
tions have not all turned out well. Many are passable, some are excellent, but some are 
downright poor. On the whole the color work cannot be compared with the superb ex- 
amples in the recent French Atlas of Dermatology by deGraciansky and Boulle, nor with 
many of the color reproductions in the advertising brochures distributed so lavishly by 
pharmaceutical houses in this country. It is deplorable that in English-speaking countries 
only industrial concerns and subsidized publications appear to be able to afford the sort 
of ‘art work’”’ required in an Atlas of Dermatology. Despite the unfortunate shortcom- 
ings of some of the plates, there are many color photographs which will serve to give the 
student of this ‘‘Atlas’’ an idea of what most common diseases look like and the variety 
of appearances they can assume—not only in their different stages and variants, but also 
when they affect different skin sites. 

Marion B. SuLzBERGER 


Clinical Pathology, Application and Interpretation, by BENJamiIn B. WELLS, M.D., Ph.D., 
Director of Clinical Investigation, The Lynn Clinic, Detroit. Former Professor of 
Medicine and Chairman of the Department of Medicine, Creighton University School 
of Medicine, Omaha. 2nd edition, 488 pp. illustrated. Philadelphia: W. B. Saunders 
Company, 1956. $8.50. 

This is another book in a field that is rather well covered from many aspects. Its review 
of the subject is concise and brief with emphasis on major points and without entering 
into any of the more controversial aspects of difficult subjects. It would be very easy for 
the practitioner or the student to use in that its organization is logical and the index, 
complete and detailed. In the standard areas of infectious diseases, the gastro-intestinal 
system, and the diseases of the kidney—it is informative and lucid. The general com- 
ments on the significance of the liver test are useful and properly emphasize these prob- 
lems. The author outlines the various indices for erythrocytic analysis very well, although 
one does miss a few pictures in Hematology that would at least demonstrate the basic 
morphologic characteristics of the various cell types to the beginner. Likewise, the refer- 
ence diagrams regarding parasites and their cycles, although frequently found in books 
and in literature nonetheless might well have been added in the section on parasites in 
order to complete that aspect. 

The book’s weakest segment lies in its inadequate consideration of electrolytes. It 
makes little effort to clarify this often confusing field. It would be very desirable for the 
author to use equivalents in referring to electrolytes rather than milligrams since the 








594 BOOK REVIEWS 


general subject of electrolytes can hardly be mastered without thinking in terms of equiv- 
alents. Calcium, Phosphorus, Carbon, and CO, are barely mentioned, and the word ‘‘So- 
dium” is not even in the index. 

All in all, however, for the person who has not kept up in Clinical Pathology and wishes 
to have a brief, simplified review of the highlights this book will serve a purpose. It clearly 
is oriented from the practical practitioner’s point of view so that I would expect it to help 
answer the questions that would come into his mind as he tries to solve a particular pa- 
tient problem. Since it does not pretend to present techniques, it certainly is not designed 
as a reference book of any significant depth so that its use with students would be in a 
beginning class rather than with those further along in their Clinical Pathology training. 

The book is well printed on fine paper with excellent type and possesses general bal- 
ance. Abundant use of quite worthwhile tables has been made, and an apparent effort 
to make subjects concise and lucid has succeeded. 


WarrREN L. Bostick 
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US. Pharmacopoeia, New and Nonofficial Remedies of the A.M.A., or the latest 
editions of standard medical dictionaries. In certain cases where the generic 
name is relatively unknown, the registered name may follow it in parentheses in 
the title, at the first citation in the text, and in the conclusions. 


All papers should end with a brief summary. 


Estimating costs of reprints. Where the cost of reprints must be known well in 
advance of publication in order to secure prior approval for their purchars, the 
Editor will be glad to furnish an estimate of the number of pages which article 
will occupy in the Journal. 





<—eee  a 








Specify 


DIFCO! .  « the only complete line 


of microbiological reagents and media 


Culture Media 
Microbiological Assay Media 
Tissue Culture and Virus Media 
Serological Reagents Antisera 
Diagnostic Reagents 
Sensitivity Disks Unidisks 
Peptones Hydrolysates Amino Acids 
Enzymes Enrichments Dyes Indicators 
Carbohydrates Biochemicals 


60 years’ experience 
in the preparation of Difco products assures 
UNIFORMITY STABILITY ECONOMY 


Complete Stocks Fast Service 24-hour Shipment 


Difco Manual and other descriptive 
literature available on request 


DiFco LABORATORIES 
DETROIT 1, MICHIGAN 





